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I. Executive Summary

Eletriptan is an oral 5HTgno receptor agomist for the treatment of acute migraine. Its
approvability is contingent on the results of the coronary safety study because eletriptan levels
are increased in the presence of CYP3A4 inhibitors, and because drugs in its class may cause
coronary artery constriction. An approvable letter for Relpax was 1ssued on 12/1/00, in which the
applicant was requested to conduct a placcbo-controlled study to assess the potential of eletriptan
to constrict coronary arteries at cletriptan plasma concentrations (Cp) comparable to exposures

seen with CYP3A4 inhibition. The applicant was also requested to include an active control
(another triptan) 1n the study.

The Clinical Pharmacology and Bieopharmaceutics (hpbio) section of the current submission
includes Study A160-1045, which i1s a pharmacokinetic study to investigate the effects of
ketoconazole on the pharmacokinetics of a single dose of eletriptan, and two bioequivalence
studics A160-1063 and A160-1069. These studies were reviewed previously by Dr. Rae Yuan
and Dr. Maria Sunzel in the original and subsequent submissions. The bioequivalence studies are
not relevant to the issue regarding the coronary safety. Therefore, they are not included in the
current review. Although not in the hpbio section, the applicant submitted a concentration effect
(mecasured changes in the mid left anterior descending coronary diameter) analysis in the
summary section as an appendix. This study used mixed effects modeling to investigate the
relationship between the observed arterial eletriptan concentrations and the measured changes in
the mid left anterior descending coronary diameter {mid-LAD). The observed decrease in the
mid-LAD over time in the placebo data was described using a model with two different slopes
(0.502%+=min" constriction from baseline between 0 to 15 minute time period and 0.278% min’'

constriction from baseline between 15 and 40 minute time period). The additional concentration
(treatment) effect was characterlzed by a linear relationship. The estimated slope of the treatment
effect -7.77 x 107%¢(ng/ml)"’ approximates to a 1.5% constriction per 80mg dose increment.
However, the analysis did not use the last time points (50 min), at which in most cases the effect
of constriction was continually increased. The PK-PD relationship shows a hysteresis, indicating
that a delay exists between PK and PD. Therefore, the modeling does not support the conclusion
regarding the coronary safety. Study 1072 had sumatriptan treatment arm as an active control.
Most of the subjects in this arm showed the similar trend with eletriptan treatment group. At
every time point, these two arms showed no statistical differences. Whether they are clinically
similar is subject to medical review. It should be noted that the maximum decreases and the time
course of mid-LAD diameter returning to bascline are unknown. Without this information,
interpretation of the submitted data is not possible. On the other hand, the concentrations after



two doses of eletriptan separated by 2 hours in the presence of ketoconazole were predicted from
a single dose study. This prediction is based on an assumption that the pharmacokinetics of
eletriptan are linear. However, the pharmacokinctics of cletriptan are more than dose
proportional. The applicant provided a justification to show that while the pharmacokinetics of
eletriptan increases slightly more than predicted over a low dose range, therc is evidence to
indicate the pharmacokinetics of eletriptan are proportional with higher doses (>40mg). Further,
based on the in vitro metabolism data there are theoretical reasons to believe that the
pharmacokinetics should be linear. The applicant also provided a study (A1601087) to justify the
differences in the concentration measurements between studies A1601045 (venous
concentration) and A1601072 (artery concentration). The study showed that venous and arterial
AUC,, Cray and Tmax were very similar. There were no clinically significant differences between
the artenal and venous plasma eletriptan concentrations over time following administration of
cletriptan 80mg in the presence of CYP3 A4 inhibitor (ketoconazolc).

Recommendations
The following comments should be sent to the applicant.

1. The proposed concentration effect (mid-LAD diameter) model is not appropriate for
descnbing the data due to the following reasons.

¢ The last time point (50 min post ih‘ﬁlsion, 10 min post end of infusion) was not used in the
proposed model.

* By taking the last time point into consideration, a hysteresis effect exists.

2. The accuracy and precision of the assay for eletriptan in study A1601087 for low QC are out

of the acceptable range. The applicant should check the method and properly validate the assay
in future if low concentrations are expected.

Comments to the medical officer

1. The concentration effect (mid-LAD diameter) model is not appropriate for describing the
data becausc the last time point (50 min, 10 min post end of infusion) was not used in the
proposed model. When this time point was taken into consideration, a hysteresis effect for
the relationship between concentration and mid-LAD diameter was observed.

3%

The maximum decreases at the given doses and the time course of mid-LAD diameier

returning to baseline are unknown. Without this information, interpretation of the submitted
data is not possible.

3. The concentrations after two doses of eletriptan separated by 2 hours in the presence of
ketoconazole were predicted from a single dose study. This prediction is based on an
assumption that the pharmacokinetics of eletriptan are linear. However, the pharmacokinetics
of eletriptan are more than dose proportional. The applicant provided a justification to show
that while the pharmacokinetics of eletriptan increase slightly more than predicted over a low
dose range, therc is evidence to indicate the pharmacokinetics of eletriptan arc proportional
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with higher doses (>40mg). Further, based on the in vitro metabolism data there are
theoretical reasons to believe that the pharmacokinetics should be linear.

There were two concentration targets for the coronary safety study: CMAX1 and CMAX2.
CMAXT was taken from the mean observed Co., (491 ng/mL) i Study A1601045. The
concentration time data from the eletriptan plus ketoconazole treatment period in study
A1601045 was modeled. The cxpected individual Corax (CMAX2) following administration
of 2 doses of 80mg of eletriptan separated by 2 hours and concomitantly administered with
ketoconazole were subsequently estimated by simulation using the individual
pharmacokinetic parameters and the original A1601045 sampling scheme. The mean
estimate of CMAX2 was calculated from the predicted individual CMAX2 values. Further,
the Cax was reduced by 32.7% when eletriptan was administered during a migraine attack
from Study 160101. The CMAXIM and CMAX2Z2M were calculated by correcting
ChNAXland CMAX2 for this effect. The mean arterial Cha of 660ng/ml exceeds that
predicted for two oral eletriptan 80mg doses separated by two hours 1n the presence of a
potent CYP3A4 inhibitor (ketoconazole) during a migraine attack (predicted as 598ng/ml).

The applicant provided a study (A1601087) to justify the inconsistency in the concentration
measurements between studics A1601045 (venous concentration} and A1601072 (artery
concentration). The study showed that venous and arterial AUC,, Cax and Trax were very
similar. There were no clinically significant differences between the arterial and venous

plasma eletriptan concentrations over time following administration of eletriptan 80mg in the
presence of CYP3A4 inhibitor (ketoconazole).
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[fl. Summary of Clinical Pharmacology and Biopharmaceutics Findings

Eletriptan is an oral SHT,p,p recepior agonist for the treatment of acute migraine. The relevant
pharmacokinetics of eletriptan were described in the reviews of original submission of NDA 21-
016 dated August 9, 1999, by Dr. Rae Yuan and subsequent submission dated Jun. 1, Aug 9, and
Oct. 13, 19 and 24, 2000 by Dr. Maria Sunzel as follows.

Fast and relatively complete absorption —  with moderate 1* pass extraction and an
absolute bioavailability (F) of 50% (tmax 1-2 hr, F=34% in males, F=64% in females)

Moderate plasma protein binding (approx. 85%) for both parent drug and active metabolite
with a large volume of distribution after i.v. dosing (138 L; 125 L in males, 143 L in females)

Metabolized by CYP3A4 to an equi-potent active metabolite, UK-135,800, which appears in
the plasma at an exposure of <20% of the parent drug, and hasa t2 of 13 h

Minor metabolism by CYP!A and CYP2D6 (not considered as important routes of
metabolism)

Mostly mctabolized with approximatety 10% of renal excretion attributed to the parent drug
climnation (CL;,=36 L/h, Clg=3.9 L/h, estimated in malc subjects)

Secreted into nursing milk (0.02%)

AUC and Cyna are not dose proportional from 20-80mg

A terminal half-life of about 4 hours

No effect on cletriptan PK after oral doses was found for age, gender, menstrual cycle,
moderate to severe renal impairment, and CYP2D6 polymorphic status

Effects on eletriptan PK after oral dosing were found for race, the onset of the disease
(reduction in Cyay and AUC, tya, prolonged), food intake (Cpay and AUC +20-30%), mild to
moderate hepatic impairment (30% decrease in CL), propranolol co-administration (AUC
+30%), and erythromycin co-administration (AUC +357%)

It was shown that the C,,x and AUC of eletriptan

Increased 2.7-fold and 5.9-fold, respectively, during co-administration of eletriptan and
ketoconazole

Increased 2.2-fold and 2.7-fold, respectively, during co-administration of eletriptan and
verapamil

Increased 1.4-fold and 2-fold, respectively, during co-administration of eletriptan and
fluconazole

* Were not influenced by concomitant intake of oral contraceptives

An in vitro-in vivo correlation between the interaction potential of CYP3A4 inhibitors on the
pharmacokinetics of eletriptan was not established. For example, both verapamil and
fluconazole co-administration in vivo showed increases in Cpax and AUC of eletriptan, but
the interaction potentials were not detected in the in vitro system.
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* The maximum increase of DBP elicited by eletriptan was determined to be approximately 12
mmHg and 50% of the maximal DBP increase was rcached at cletriptan plasma
concentrations of about 130 ng/mL.

In the current submission, the applicant submitted a study to address the coronary safety. The
approvability of eletriptan is contingent on the results of the coronary safety study because
eletriptan levels are increased in the presence of CYP3A4 inhibitors, and because drugs in its
class may cause coronary artery constriction. An approvable letter for Relpax was issued on
12/1/00, in which the applicant was requested to conduct a placebo-controlled study to assess the
potential of eletriptan to constrict coronary arteries at eletriptan plasma concentrations (Cp)
comparable 10 exposures seen with CYP3A4 inhibition. The applicant was also requested to
iclude an active control (another triptan) in the study.

This study included a concentration effect analysis which used mixed ecffects modeling to
mvestigate the relationship between the observed arterial eletriptan concentrations and the
measured changes i the mid left anterior descending coronary diameter (mid-LADY) from Study
A1601072. The observed decrease in the mid-LAD over time in the placebo data was described
using a model with two different slopes (0.502 %emin” constriction from bascline between 0 to
15 minute time period and 0.278 %emin™ constriction from baseline between 15 and 40 minute
ume period). The additional concentration (treatment) effect was characterized by a linear
relationship. The estimated slope of the treatment effect -7.77 x }0'3%°(ng/ml)'l approximates 10
a 1.5% constriction per 80mg dose increment. However, the analysis did not use the last time

points (50 min), at which in most cases the effect of constriction was continually increased. The
cuirent review can be summarized as follows.

* The concentration effect (baseline subtracted mid-LLAD} data showed a hystercsis. The
applicant's model did not account for the delay between PK and PD. Further, the data
collected do not allow for reliable characterization of the concentration-effect relationship. In
other words, the effect scems to continue to increase. The maximum decrease and the time
course of mid-LAD returning to baseline are unknown. Without this information,
interpretation of the submitted data is not possible. Therefore, the modeling dees not support
the conclusion regarding the coronary safety.

The concentrations after two doses of eletriptan separated by 2 hours in the presence of
ketoconazole were predicted from a single dose study. This prediction is based on an
assumption that the pharmacokinetics of eletriptan are linear. However, the pharmacokinetics
of eletriptan are more than dose proportional. The applicant provided a justification to show
that while the pharmacokinetics of eletriptan increase slightly more than predicted over a low
dose range, there is evidence to indicate the pharmacokinetics of eletriptan are proportional
with higher doses (>40mg). Further, based on the in vitro metabolism data there are
theoretical reasons to believe that the pharmacokinetics should be linear.

Study 1072 had sumatriptan treatment arm as an active control. Most of the subjects in this
arm showed the similar trend with eletriptan treatment group. At every time point, these two
arms showed statistical similarities. However, the maximum decreases and the time course of
mid-LAD diameter returning to baseline are unknown. Without this information,
interpretation of the submitted data is not possible.
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There 1s an inconsistency in the concentration measurcments between studics A1601045
(venous concentration) and A1601072 (artery concentration). The applicant provided a study
to justify the inconsistency which showed that venous and arterial AUC,, Cppay and Trae were
very similar. There were no chinically significant differences between the arterial and venous

plasma eletriptan concentrations over time following administration of eletniptan 80mg in the
presence of CYP3A4 inhibitor (ketoconazole).
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1V. Question Based Review

1. “What is this submission about?

Eletriptan 1s an oral SHTIB/1D receptor agomst for thc trcatment of acute migraine. Its
approvability is contingent on the results of the coronary safety study because ¢letriptan levels
are increased in the presence of CYP3A4 inhibitors, and because drugs in its class may cause
coronary artery constriction. In the approvable letter for Relpax issued on 12/1/00, the applicant
was requested 10 conduct a placebo-controlled study to address this issue. The current
submission provides information in this regard.

2. What was the additional information that was requesicd in the approvable letter? What
information was provided?

Following are the requests for additional information from the approvable letter relevant to
Clinical Pharmacology and Biopharmaceutics.

"You will need to conduct a placebo-controlled study designed to assess the potential of
eletriptan to constrict coronary arteries at eletriptan concentrations that are higher than those
achieved in Study 211 and that are comparable to exposures seen with CYP3A4 inhibition.
The study should include several active controls of available triptans. The subjects studied
should be those with suspected coronary artery disease who have been selected for diagnostic
coronary angiography. We will be happy to discuss the design of the study with you."

In the current submisston, the applicant provided a concentration effect analysis to address this
issue. This studv used mixed effects modeling to investigate the rclationship between the
observed arterial eletriptan concentrations and the measured changes in the mid left anterior
descending coronary diameter (mid-LAD) from Study A1601072. The observed decrease in the
mid-LAD over time in the placebo data was described using a model with two different slopes
(0.502 %+min™ constriction from baseline between 0 to 15 minute time period and 0.278%e-min”
constriction from baseline between 15 and 40 minute time period). The concentration (the
treatment) effect was characterized by a linear relationship. The estimated slope of the treatment
effect -7.77 x 10'3%-(ng/ml)'] approximates to a 1.5% constriction per 80mg dose increment.
Following figure shows some examples for the mid-LAD diameter- and concentration-time

profiles (left panel) and the relationship between concentration and effect (mid-LAD diameter,
right panel).
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3. Is the concentration cffect analysis study acceptable?

No. The concentraiion cffect model 15 not apprepriate for describing the data due to the
following rcasons.

» The last ime point (50 min post infusion, 10 min post end of infusion) was not used 1n the
proposcd model.

¢+ A delay exists between concentration and mid-LAD constriction. The model did not
account for this delay. The following figure shows the mid-LAD diameter- and
concentration-time profiles (left panel) and the relationship between concentration and

effect (mid-LAD diameter, night panel) for the same cxamples as last figure with the last
time point included.

S

4

e Most importantly, the maximum decrease and the time course of mid-LAD diameter
returning to bascline are unknown. Without this information, interpretation of the

submitted data 1s not possible. Therefore, the modeling does not support the conclusion
regarding the coronary safety.

4. What is the result for the sumatriptan arm as an active control?

The mid-LAD constriction cffect profiles for the sumatriptan treatment arm are not statistically
different from that for the cletriptan treatment arm at every time point. However, the maximum
decreases and the time course of mid-LAD diameter returning to baseline are unknown. Without
this information, interpretation of the submitted data is not possible.

5. Is the prediction of concentrations for two 80 mg doses of eletriptan separated by 2 hours in
the presence of ketoconazole appropriate?

Yes. This prediction is based on a simulation from a model built from single 80mg dose of
eletriptan coadministered with ketoconazole. The simulation is contingent on the linearity of
eletriptan pharmacokinetics. However, the pharmacokinetics of eletriptan are more than dose
proportional. The applicant made a justification as follows.
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In the formal dose proportionality study (160-228) dose corrected C,,x and AUC values for
doses from across the clinical dose range (20, 40 and 80 mg) were compared. The ratios for the
dose normalized values and 90% confidence interval (CI) for these comparisons are shown
below. These data indicate that the pharmacokinetics are essentially dose proportional above
40mg.

Cmax
Comparison: Ratio Between 90% Confidence P
Geometric Means (%) Intervals (%)
40mg/20mg 112.2 99.1, 126.9 0.13
80mg/40mg 1084 958, 122.7 0.28
AUC
Comparison: Rartio Between 90% Confidence P
Geometric Means (%) Intervals
40mg/20mg 120.0 109.7, 131.3 <0.05
80mg/40mg 105.9 96.8, 115 8 0.29

These results are supported by the data from study 160-001. Although this study was not
designed to investigate dose proportionality, data from across a wider dose range (10 to 120 mg)
is available. The data indicates that the PK are dose proportional over this wider dose range (see

figure below).

"mayx ATIC
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Points are the Geometric means, Intervals are the 90%CT1's, lines show the linear regressions

The applicant also provided supportive information with the in vitro data on the metabolism of
eletriptan by CYP3A4. In vitro studies have demonstrated that the in vitro biotransformation of
eletriptan by human liver microsomes is consistent with Michaelis-Menten kinetics, having an

apparent Km value of 144 uM.

The Km value of 144 uM is equivalent to 55 pg/ml (55,000 ng/ml). The relation of Km to
anticipated in vivo plasma concentrations of eletriptan (designated as [S]) provides an estimate
of the probability of kinetic nonlinearity due to saturable metabolism. Cmax values after 80 mg
doses of eletriptan average approximately 190 ng/ml (0.5 pM). When a single dose of 80 mg
eletriptan 1s administered with ketoconazole the mean Cp,c value is 491 ng/ml (1.29 uM). Even
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when two doses of 80mg eletriptan separated by two hours are administered with ketoconazole to
a migraineur the mean C,ay value is 598 ng/inl (1.57 pM). Thus even in extreme cascs, cletriptan
plasma levels do not approach Km, and the maximum ratio of plasma level divided by Km
{[S}/Kam ratio) would not exceed 0 01.

Therefore, while the pharmacokinetics of eletriptan increases shightly more than predicted over a
low dose range, there is evidence to indicate the pharmacokinetics of eletriptan are proportional
with higher doses (>40mg). Based on the in vitro metabolism data there are theorctical reasons
to believe that the pharmacokinetics should be linear in the case of predicting from one dose of

80mg in presence of ketoconazole to two doses of 80mg scparated by two hours in the presence
of ketoconazole.

6. There 1s an inconsistency in the concentration measurcments between studies A1601045

(venous concentration) and A1601072 (artery concentration). Is the artery concentration similar
to venous concentration?

Yes. The applicant provided a study (protocol #1601087) to justify the inconsistency in the
concentration measurements between studies A1601045 (venous concentration) and A1601072
(artery concentration). The study showed that venous and arterial AUC,, C.x and T, were very
similar. There were no clinically significant differences between the arterial and venous plasma
eletriptan concentrations over time following administration of eletriptan 80mg in the presence
of CYP3A4 inhibitor (ketoconazole) as shown in the following figure (See Appendix 1I for
details).
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APPENDIX 11. PHARMACOMETRIC REVIEW

Pharmacometrics Review

NDA: 21-016

Drug name: Eletriptan HBr (Relpax™)

Dosage strength: Immediate release tablets (20, 40, 80 mg)
Submission date: June 27, 2002

Applicant: Pfizer Eastern Point Road, Groton, CT 06340
Reviewer: John Duan, Ph.D.

Team Leader: Joga Gobburu, Ph.D.

Background:

Eletriptan is an oral SHT;p,,p receptor agonist for the treatment of acute migraine. Its
approvability is contingent on the results of the coronary safety study because eletriptan levels
are increased in the presence of CYP3A4 inhibitors, and because drugs in its class may cause
coronzry artery constriction. An approvable letter for Relpax was issued on 12/1/00, in which the
applicant was requested to conduct a placebo-controlled study to assess the potential of eletriptan
to constrict corenary arteries at eletriptan plasma concentrations (Cp) comparable to exposures
seen with CYP3A4 inhibition. The applicant was also requested to include an active control
(another triptan) in the study. In the current submission, the applicant submitted a concentration

effcct analysis to support the coronary safety of the drug. The current review evaluates the PK-
PD analysis.

Objectives:

To investigate the relationship between the observed arterial eletriptan concentrations and the
measured changes in the mid left anterior descending coronary diameter (mid-LAD diamcter)
from Study A1601072 and to use the resultant model to predict the typical mid-LAD diameter
change associated with the mean Cmax following for one 80mg dose of eletriptan in the presence
of ketoconazole (CMAXT1) or two doses of 80mg eletriptan separated by 2 hours and
concomitantly administered with ketoconazole during a migraine (CMAX2M).

Design
Data:

Studv A1601072

This study was an acute, double blind, placebo-controtled, parallel group study of coronary
vascular responsiveness during administration of the 5HT,p/p-receptor agonists, eletriptan (IV)
or sumatriptan (SC), as determined using quantitative coronary angiography. Subjects received
study drug as a 40 minutes I'V infusion or a sc injection. Eletriptan hydrobromide supplied in TV
solution (2mg/ml) was delivered as an 18, 26 or 36ml infusion, for the 36, 52 and 72mg
eletriptan dose, respectively. For the 36mg dose, investigators infused eletriptan solution at
0.323mVmin (0.65mg/min) for 20 minutes to administer the first 13mg of eletriptan followed by
0.575ml'min (1.13mg/min) for the next 20 minutes to administer the remaining 23mg of
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eletriptan. For the 52mg dose, investigators infused eletriptan solution at 0.475ml/min
(0.95mg/min)} for 20 minutes to administer the first 19mg of cletriptan followed by 0.825ml/min
{1.65mg/min) for the next 20 minutes to administer the remaining 33mg of eletriptan. For the
72mg dose, investigators then infused eletriptan solution at 0.650ml/min (1.30mg/min) for 20
minutes to adminmister the first 26mg of ¢letriptan followed by 1.150ml/min (2.30mg/min) for the
next 20 minutes to administer the remaining 46mg of eletriptan. The commercially available
sumatriptan succinate for sc administration was used as Imitrex®, STATdose® SYSTEM Kits
compnising two cartridges each containing 6mg of sumatriptan in 0.5ml of solution and
administered sc. Investigators performed quantitative arterial coronary angiography (QCA) at
two coronary artery regions and took blood samples for pharmacokinetic analysis at 5, 15, 40
and 30 minutes afier the start of the infusion. All subjects randomized to either eletriptan or
placebo were included in the concentration effect analysis. 154 observations from 42 subjects,
measured at set time points during the 40-minute infusion of eletriptan or placebo were included
in the analysis. Seventy-two of the observations were available from 18 subjects randomized to
placebo. The mid-LAD segment diameters measured only at 0, 5, 15 and 40 minutes during the
mfusion were used in the analysis. The planned time was used for all observations except the 40
mnutes observation for Subject 50, where the actual observed time of 25 minutes was utilized.
Missing, non-reportable and post start of infusion BLQ pharmacokinetic observations were
excluded from the analysis. Points where the mid-LAD diameter observations were missing
were also excluded from the analysis.

/
Other Studies '

Study 1601045 was an open randomized, placebo controlled, two-period crossover study to
imvestigate the effects of ketoconazole on the pharmacokinetics, safety and toleration of a single
oral dose of eletriptan (80mg) in 18 subjects. Plasma samples were taken at 0, 0.5, 1, 1.5, 2, 3, 4,
6, 8. 12,18, 24, 36, and 48 hours after an 80mg eletriptan IR dosc on Day 3, in subjccts who
were taking ketoconazole 400mg on Day’s 1 to 4.

Study 160101 investigated the pharmacokinetics of eletriptan in the presence and absence of a
migraine attack. The ratio of geometric mean Cmax values was 67.3%, indicating that Cmax
was reduced by 32.7% when eletriptan was administered during a migraine attack.

Methods:

The mean observed Cp,x (CMAXT1) was taken from Study A1601045. The concentration time
data from the eletriptan plus ketoconazole treatment period in this study was modeled and
individual estimates of the expected Crax following administration of 2 doses of 80mg of
cletriptan separated by 2 hours and concomitantly administered with ketoconazole (CMAX2)
were subsequently estimated by simulation using the individual pharmacokinetic parameters and
the original A1601045 sampling scheme. The mean estimate of CMAX2 was calculated from
the predicted individual CMAX2 values.

The Crmax was reduced by 32.7% when eletriptan was administered during a migraine attack from
Study 160101. The CMAXIM and CMAX2M were calculated by correcting CMAX land
CMAX2 for this effect.
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Analysis of the relationship between concentration and mid-LAD diameter was performed using
the mixed effects modeling approach in NONMEM, version V. The mixed effect model
estimates the means of parameters, the interindividual variability components and the residual

variability The FOCE (first order conditional estimation) method was used throughout this
analysis

The constriction associated with the mean observed CMAX]1 and CMAX2 were predicted using
the mid-LAD diameter concentration cffect model.

Data Checking

The reviewer plotied the concentration and mid-LAD diameter against time to check the data

distribution. The placebo group (without concentration data) and the eletriptan group are plotted
in different panels.

Models

Structural Model

Linear models for placebo and treatment effects were used to estimate the proportional change
from the pre-dose baselhine value.

Random Variance Models

An additive residual error model was utilized: Y=F + € (in NONMEM notation), where Y
represents the observation, F the individual concentration prediction and € is a symmetrically

distributed, zero-mean random variable with a variance term that 1s estimated as part of the
population model fitting process,

Interindividual vanability terms were included on all the structural parameters of the model
where supported by the data. Exponential models were used to account for interindividual
variability such that the value of a parameter value in an individual (P1) was a function of the
parameter value in the typteal individual (Ppop) and an individual deviation represented by ;:

Pi=Ppop*exp(n,}. The 1}’s in the population are symmetrically distributed, zero-mean random
variables with a variance that is estimated as part of the model.

Model Selection

The objective function values were used to select models. However, the detailed information was
not submitied.

Software
The softwares used include NONMEM (version V level 1.1) @ ————— -
e} for modeling and simulation.

Results and Discussion

Data Checking

The reviewer plotted the concentration and mid-LAD diameter against time to check the data
distribution. The placebo group (without concentration data) and the eletriptan group (with
concentration data) are plotted in different panels. The upper three panels show the mid-LAD
diameter time profile for placebo group and the lower four panels show the concentration-time
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profile and mid-LAD diameter time profile for the treatment group. It was noted that at time
point of 50 min (10 min after the end of infusion), the concentrations of eletriptan were
decreased (compared to the end of infusion, time peint 40 min) in most of the cases. However,
the mid-LAD diameters were continuously decreased from the end of infusion in most cases.
Therefore. the proposed model is not appropriate to describe the relationship betwcen eletniptan
concentration and mid-LAD diameter, In the lower four panels, the blue line represents the
concentrauons of eletriptan and the red line for the mid-1LAD diameters.
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Model and Model Selection

A total of 154 mid-LAD diameter observations from 42 subjects were utthzed in the analysis,
with the 18 placebo subjects providing 72 observations. The mid-LAD diameter decreasced over
the time of the infusion in the placebo group. A model using two different slopes (0 502 Y%emin™
constriction from baseline between 0 to 15 minute time period and 0.278 % min' constiiction
from baseline between 15 and 40 minute time period) was used to account for this placebo effect
since a single slope model over predicted the mid-LAD diameter at 40 minutes. The
concentration (treatment) effect model was characterized by a linear relationship. The applicant

concluded that there was no evidence that a more complex model was required to describe the
data.

Interindividual variability was estimated on baseline and the combination of placebo and
treatment effects. Separate interindividual variability terms on the placcbo and treatment effects

could not be supported by the data. Residual variability was estimated to have a standard
dewviation of 0.08 mm.

Table 1 shows the mean and variability estimates for the final model. Obscerved mid-LAD
drameter versus the population and individual predictions for subjects randomized 1o eletriptan or

placebo are shown in Figure 2. The estimated slope of the treatment effect is -7.77 x10°
% (ng/ml)".

Table 1. Parameter estimates for the final model.

Paramerer Placeha cffect Treatment effect
Bascline (mm) Slope (t0-115) Stape {115-4ih Slope
{%.min’") (%e.min™y (%e-(mil. ngy")
Fixed Effect 2.33 -5.02 x10° 22,78 A107 737 X107
RSE (%) 3% 15% 11% 24%
Bascline Combined Covariance
(placehof/treatme (baseline und
nt ¢ffect) combined effect)
IIV{%CyV) 28% 6% 1%
RSE(%) 18% 380, >100%
Residual Errar 0.08
{mm)
RSE(%%) 24%

RSE — relative standard error ( SE/ESTIMATE *1 00y
11V — Interindividual variability

The data from Study A1601045 were fit to a two compartment model with first order absorption
and an absorption lag. The mean observed Cpax (CMAX1) was 49 Ing/mi with 29% CV and a
range of 338 - 904 ng/ml. Plots of the population and individual predictions versus observed
concentration for the fit are shown in Figure 3. Based on this model, a simulation was conducted
to get the individual pharmacokinetic parameters for two doses of 80mg of eletriptan separated
by 2 hours and concomitantly administered with ketoconazole. Figure 4 shows the predicted

individual concentration time profiles based on these parameters. The mean predicted C
(CMAX2) was 889ng/mi.

max
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Fig 4. Simulated plasma concentration time profiles for two doses of 80 mg eletriptan
separated by 2 hours in the presence of ketoconazole.

After accounting for the effect of migraine the resulting mean predicted CMAX1M and
CMAX2M were 330ng/ml and 598ng/ml, respectively. Figure 5 shows the observed 40 minute
(end of infusion) concentration for subjects from Study A101072 along with the target
concentration, the observed CMAX1 data and the predicted CMAX2M. The observed mean 40
min concentration of 660ng/ml exceeds the predicted mean CMAXZM.

Fig 5. The observed concentrations for subjects from study 1072 and 1045 (CMAX]1) and
predicted C.. for two doses of eletriptan separated by 2 hours in the presence of
KeOtoconazele and migraine (CMAX2M).

l;
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Table 2 shows the predicted mean percentage mid-LAD diameter constrictions based on the
observed mcan CMAX], the predicted mean CMAX2, the predicted mean CMAXIM and the
predicted mean CMAX2M. Figures 6 shows the mid-LAD diameter constriction predictions for

mean CMAX] and mean CMAX2M along with the extrapolated model predictions. The

maximum observed consiriction for Sumatriptan 6mg SC from Study A1601072 is also shown.

Table 2. Predicated Mid-1LLAD constrictions for CMAX1, CMAX2, CMAXIM, and
CMAX2M.

RUmyp + Keto

80mg + Bthimp @ 2hr +Kelo

Mean Cuan Mean constriction Mean C .. Mean constriction
Ina/imlh) (%) {ng/mij {Ya)
Absence of Migraine 401 3.8%° 8gG»* 6.5%"
Presence of Migraine RIT ¢ 2 6% 5983 x> 4.6%"™

7 The observed mean CMAXT, **The predicted mean CMAX2, ***The predicted mean
CMAXIM, **>*The predicted mean CMAX2ZM, # Predicted mean constriction based on the
obhserved mean CMANXE, ## Predicted mean constriction based on the predicted mean CVIAX2,
==8 Predicted mean constriction hased on the predicted mean CMANIM, #4## Predicted mean
constriction based on the predicted mean CMAX2ZM

Fig 6. The simulated Mid-LAD diameter constrictions associated with CMAX1, and
CMAX2ZM (the dotted and solid diagonal lines represent the prediction and its 95%
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Discussion

The validity of the results

1 There is an inconsistency for the concentration measurcment between the studies. The venous
concentrations of the drug w ere measured in Study A1601045 and arterial concentrations of the
drug were measured in study A1601072. Protocol 1601087 entitled “Arterial and venous
pharmacokinetics of a single oral dose of eletriptan 80 mg in healthy subjects in the presence of
ketoconazole” has been completed and submitted, which showed that the arterial and venous
pharmacokinetics of eletriptan are comparable.

2. The concentration time data from the single dose of eletriptan plus ketoconazole treatment
period 1t Study A16010435 was modeled and based on the model, the concentrations after two
doses of eletriptan separated by 2 hours were predicted. This simulation is contingent on an
assurmnption that the pharmacokinetics of eletriptan are lincar. However, the pharmacokinetics of
eletriptan are more than dose proportional over the clinical dose range. Per request, the applicant
made proper justification. which is acceptable.

3. The analysis did not employ the last time point (50 min). As shown in the plot of Fig 1,
although the concentration at 50 min (10 min post of end of infusion) was decreased compared to
the concentration at the end of infusion (at 40 min time point), the constriction effect was still
increasing (the mid-LAD diameter kept decreasing). In order to visualize the differenece
between using the last time point versus not using it, two sets of plots of effect versus
concentration were made. Fig 7 uses the last time point and Fig 8 does not. As can be seen, in
most subjects of Fig §, a linear relationship i1s obvious. However, in most cases of Fig 7, a
hysterresis is seen. Therefore, the model proposed in the submission is not appropriate.

This hyvsteresis effect may be causcd by several factors: including active metabolite,
disequilibrium between plasma and biophase, and indirect effect. It is uncertain if the data

collected covers the peak effect. For this reason, it is difficult to make effort to correctly
interpretate these data with or without modeling.

Duc to these reasons, the model selected is not qualified for the data and the medeling does not
support the conclustons regarding the coronary safety.

On the other hand, study 1072 had sumatriptan arm as an active control. In order to compare
cletriptan arm with this arm. plots of effect against concentration are generated for sumatriptan
arm as shown in Fig 9. Most of the subjects showed the similar trend with eletriptan treatment
group. The table below (Table 3) provides the mid-LAD diameter and the changes from the
bascline at different time points for placebo and treatment (eletriptan and sumatriptan) groups.
Fig 10 provides a comparison between the two treatment groups. Table 4 shows the comparisons
of the baseline corrected effect of eletriptan IV, at 5, 15 and 40 minutes post-start of infusion and
10 minutes post-end of infusion, and the time of maximum sumatriptan 6mg sc effect (at mean
concentration 67.9ng/ml} on the mid-LAD diameter.

Fig 10 and Table 4 indicated that at every observed time point, the baseline corrected effects are
not significantly different between eletriptan and sumatriptan.
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Table 3. The mid-LAD diameters and the changes from the baseline at different time points

for eletriptan, sumatriptan and placebo groups.

Elctriptan
Tunelmin) N Mean£SD Range Change from baseline
0 20 2 288220.64063 MeaniSi Range
3 20 2.1352=0 62288 T -0 153020 12807
iz 19 2.0998+0.65049 -02209=0 1397 —
40 19 1.9228+0 58142 R -0.3991=0.23873 e
30 19 1.8593+0.60938 -0.4626+0.17098
Sumatriptan
[ Tumeimn) N MeantSD Range Change from baseline
{ 0 18 2.534320.75681] " Meanz5D Range
| 3 18 2 391720 73606 -0.1426£0.10512
| E 17 | 2243120.70883 -0 237640 13597 T
| 4 i8 2 18412071117 - -0.3502x0 18848 e
E i 18 2 06040 68690 T -0.473940 16698
Placcho
i Tmne zuin) N MeanzSD Range Change from baseline
i o 18 2.5407+0.76263 MeantSD Range
| 3 18 2.4472+0.75662 — -0 0935012557
13 18 2.3050+0.70922 -0.2357+0 18687
40 18 2.2280+0.70846 £ -0 3128+0.19540
50 18 | 21620£0.73577 -0.3787:40.20822 —

Table 4. The comparisons of the baseline corrected effect of eletriptan IV and the time of
maximum sumatriptan 6mg sc effect on the mid-LAD diameter.

Dreg Time Geometnic mean mid-LAD Ratio® 95% Cl
diameter ratio’

Eletmirtan 5 nuns post-start of 096 1.00 0.96 to 1.05
Sumairiptan infusion 0.96

Eletnintan 15 mins post-start of 0.99 102 0.98t0 1.07
Sumatnptan infusion 0.96

Eletriptan 40 nuns post-start of 0.95 0.98 0.93 to 1.04
Sumatriptan infusion 0.96

Eletriptan 10 mins post- end of 0.95 0.98 0.94101.03
Sumatriptan infusion 0.96

*antilog of the mean log(minimum mid-LAD diameter post-start of infusion / baseline mid-LAD diameter).

b - . . . .
the ratio of the geometric means eletriptan iv:sumatriptan 6mg sc;
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Fig 10. The time courses of mid-LAD diameters by treatment group.
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The significance of the results

The concentration effect model presented in the submission is not qualified and is therefore not
supportive for the conclusion regarding the coronary safety.

The comparison among the different arms showed simitarity. The clinical singnificance of this
simularity 1s subject to medical review.

Conclusions and Recommendations

Conclusions

1. The proposed concentration-effect model is not appropriate to describe the data due to the
following reasons.

» The last time point (50 min post infusion, 10 min post end of infusion} was not used in the
proposed model.

» The hysteresis effect is not accounted.

* The maximum decrease and the time course of mid-LAD returning to baseline are
unknown. Without this information, interpretation of the submitted data is not possible.

2. The concentrations after two doses of eletriptan separated by 2 hours were predicted from a
model. This model was built from concentration time data in Study A1601045 for the single dose
of eletriptan plus ketoconazole treatment arm. This simulation is contingent on an assumption
that the pharmacokinetics of eletriptan are linear. However, the pharmacokinetics of eletriptan

are more than dose proportional over the clinical dose range. The applicant made proper
justification, which is acceptable.
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Recommendations

1. The data collected are inadequate to reliably characterize the complete effect of eletriptan on
mid-LAD diameter. Data over the full time course of effect 1s required.

2 Due 10 the non-lincarity of the eletriptan pharmacokinctics, the concentrations for two doses of

cletripian separated by 2 hours were under-predicted. The applicant made proper justifications to
address this 1ssue, which is acceptable.

APPEARS THIS WAY
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Appendix

Population Pharmacodynamics Model Control Stream
SPROB  eletriptan 1072 PK/PD

, ,Bas_z Model

SINPUT ID TIME DV PAT CONC

SDOATA  C:\nonmempci\N21-016\1072.csv
SPRED

ZASE=THETA (1) *EXP{ETA(1})

TFP(TIMZ.LT.20) THEN

TLAC= {1+THETA (2)*TIME**THETA{4)); THETA 4 is fixed to 1
ZLSE

=LAC= (1+THETA(S)*TIME+**THETA(4)}; THETA 4 is fixed to 1

ZZFF= (1+THETA (3) *CONC)

IND=0

IF{TIMZ.GT.0) IND=1 _ -
T=BASZ~* {1-IND) +BASE*PLAC*DEFF*IND*EXP (ETA (2))

ZPRE=T
T=F+EIR (1)
STHETZ (0,2) (-0.008) {(-0.0005) (1,FIXED) (-0.008)

w

OMEGA BLOCK(2} 0.1 0.01 0.1

SSIGMA 1
SESTIMATION MAXEVALS=3000 SIG=4 PRINT=10 METHCD=CONDITIONAL

STABLZ ID TIME PAT CONC ETAl ETA2 IPRE NOPRINT CNEHEADER FILE=sdtab521

5C0V
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Appendix HI Study A1601087

Study title: Arterial and venous pharmacokinetics of a single oral dose of eletriptan 80mg in
healthy subjects in the presence of ketoconazole (A1601087)

Investigator: William B. Smith
Study period: 8§ August 2002 to 26 August 2002

Study Objectives: The objective was to determine and compare the arterial and venous
pharmacokinetics of eletriptan in the presence of ketoconazole.

Study Design: This was an open-label study of a single dose of eletriptan in the presence of
ketoconazole. There was a screening visit, one study visit lasting four days and four nights and a
follow up phone call two to four days later.

During the study visit, subjects received ketoconazole 400mg on Days 1, 2 and 3 and eletriptan
80mg on Day 3. On Day 3, subjects had an arterial (radial artery hep-lock) and venous
(peripheral arm vein) catheter fitted for pharmacokinetic blood sampling. Subjects received
ketoconazole 400mg under the same conditions as on Days 1 and 2 (except that the times of
lunch and dinner were specified as four and ten hours post-dose, respectively) followed by
eletriptan 80mg. Pharmacokinetic blood samples and blood pressure and pulse rate pre-dose
were measured and at specified times up to 24 hours post-dose.

The maximum observed venous plasma eletriptan concentration (VCpua), maximum arterial
plasma eletriptan concentration (AC,.,), the time to first occurrence of the maximum observed
venous cletriptan plasma concentration (VT.,) and the time to first occurrence of maximum
arterial cletriptan plasma concentration (AT,x) were obtained directly from the data. The area
under the venous plasma eletriptan concentration-time curve (VAUC,) and the area under the
arterial plasma eletriptan concentration-time curve (AAUC,) were calculated using the linear
trapezoidal method.

The mean and individual plasma eletriptan concentrations over time and AUC, and T, for
arterial and venous samples and arterial concentrations at the venous eletriptan T, were
tabulated. The log transformed concentrations for arterial and venous samples at the time of Cpax
for the venous samples were analyzed using a paired t-test. The mean difference between the log
transformed concentrations for arterial and venous samples at venous Cpay, the standard error
associated with this difference and 95% Cls for the difference were presented as were the anti-
logged mean difference and the anti-logged Cls.
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Pharmacokinetics:

The pharmacokinetic results showed that the mean arterial concentration at VT, was 8% (95%
Cl: 3 to 14%) higher than the venous concentraton and that the artenial and venous
concentrations are very similar over the 24 hours time course. In addition, venous and arterial
AUC,, Cpax and T, were very similar as shown in the following tables.

Venous | Corresponding arterial | Geometric mean ratio (%) | 95% CI

Cuax (ng/ml) 383 415 108 103, 114
AUC (ng-b/mL) | 4863 4699 - -
Tinax (h) 5.1 5.1 - -

The figure below shows the arterial and venous mean plasma eletriptan concentrations up to 24

hours post-dose.
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Comments;

1. This study showed that venous and arterial AUC,, Cnox and Tuax Were very similar. There were
no clinically significant differences between the arterial and venous plasma eletriptan
concentrations over time following administration of eletriptan 80mg in the presence of CYP3A4
inhibitor (ketoconazole).

2. The accuracy and precision of the assay for eletriptan at the low QC are out of the
acceptable range. Although for this study this is not a concern since the lowest concentrations
observed are . the applicant should check the method and properly validate the assay
in future if lower concentrations arc expected.
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Appendix IV

Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

Generz mformazuvn About the Submission

Infermation Information

SDA Number 21016 Brand Name RCIan
OCPB Division (I, I1, I1I) 1 Generic Name Eletriptan
Medical Division Neurology Drug Products Drug Class Antl migraine
OCPB Reviewer John Duan Indication(s) Migraine
OCPB Team Leader Ramana Uppoor Dosage Form Tablets

Joga Gobburu Dosing Regimen 20, 40, 80 mg
Date of Submission 6/27/20/02 Route of Administration Oral
Estimated Due Date of OCPRB Review 11/1//02 Applicant Plizer
POUF.x Due Date 12/27/02 Priority Classification 35
Division Due Date 12/27/02

Clin. Pharm. and Biopharm. Information

X" if included
at filing

Number of
studies
submitted

Number of
studies
reviewed

Critical Comments if any

STUDY TYPE

Table of Contents present and X
sufficient to locate reports, tables, data,
etc.

Tabular Listing of All Human Studies X

HPK Summary

Labeling X

Reference Bioanalytical and Analytical
Methods

}. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacckinetics {e.g., Phase I) -

Healthy Voiunteers-

acute dose:;

chronic dose:

Patients-

acute dose:

chronic dose:

Dose proportionality -

Fasling / non-fasting acute dose:

Fasting / non-fasting chronic dose:

Drug-drug interaction studies -

In-vivo effects on primary drug: | x 1

In-vivo effects of pimary drug:

In-vitro:

Subpopulation studies -

Ethnicity:

Gender.

Pediatrics:

Geratrics:

renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:
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Phase 1 and/or 2, proof of concept’ | X 1 1
Phase 3 chnical trial
Population Analyses -
Data rich
Data sparse
Il Biopharmaceutics
Absolute bioavailability:
Relative bicavallability -
solution as reference:
Alternate formulalion as reference.
Bicequivalence studies -
Traditional design, acule / multi dose: | X 2
Replicate design; acule / mulli dose:
Food-drug interaction studies:
Bissolution:
(IVIVCY:
Big-wavier request based on BCS
BCS class
ill  Other CPB Studies
Genotypel/phenotype studies:
Chronopharmacokinetics
Pediatric development plan
Literature References
Total Number of Studies 4 2
Filac:linv and QBR comments ; -
"X" if yes
Comments
X Reasons :f the application 15 not filatle (ur an attachment if applicable)
Application filable 7 For example, 1s climcal fommulation the same as the to-be-marketed one?
NiA Comments have been sent 10 hiom (or attachment included) FDA leuer dale
Comments sent to firm 7 I applicable.

QBR questions (key issues to be
considered)

1. Is the modeling supportive to address the issue raised in the approvable letter?

Other comments or information not
included above

Primary reviewer Signature and Date

John Duan 10/1/02

Secondary reviewer Signature and Date

Ramana Uppoor 10/1/02

CC: NDA 21-016, HFD-850 (Electronic Entry or Lee), HFD-120 (CS0Q), HFD-860 (Uppoor, Mehta),

CDR
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I COMPLETTT MOV 2 g 7000
NDA 21-016

awTM 1 Y
Relpax™ (eletriptan HBr) ST 0 o100

OFFICE OF CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS REVIEW

Eletriptan HBr (Relpax™) Pfizer Inc.

Immediate release tablets (20, 40, 80 mg) Eastern Point Road, Groton, CT 06340
NDA 21-016

Submission Dates: Jun. 1, Aug. 9, and Oct. 13, 19 and 24, 2000

Primary Reviewer: Maria Sunzel, Ph.D.

Indication: Migraine

Submission Type: Resubmission, Class ] (Amendment to NDA 21-016)
EXECUTIVE SUMMARY

An approvable letter was issued on 11/27/99 for Relpax™ (eletriptan HBr), for treatment of acute
migraine attacks with or without aura in adults. The 80 mg tablet was not included in the
approvable action, due to inconclusive data regarding the safety and lack of improved efficacy
above a 40 mmg dose. The approvable letter contained label revisions with a contraindication
section for all concomitant use of eletriptan and CYP3 A4 inhibitors. The major safety concern is
related to the coronary artery vasoconstricting effects of eletriptan at therapeutic doses. The
pharmacologically elicited vasoconstriction appears to be related to peak plasma concentrations
{Cau) rather than exposure (AUC) of eletriptan.

The Clinical Pharmacology and Biopharmaceutics section of this Class [ resubmission contains in
vitro inhibition studies and study reports where the interaction between eletriptan and
ketoconazole, verapamil, and fluconazole respectively, were investigated in healthy volunteers.
The two latter CYP3A4 inhibitors were considered to have intermediate interaction potential, and

not show large in vivo effects. The sponsor also submitted a meta-analysis of the blood pressure /
plasma concentration relationship of eletriptan.

The tssue regarding this submission is;

» Can an mn vitro-in vive correlation of the interaction potential of CYP3A4 inhibitors on the
pharmacokinetics of eletriptan be established, and be used in a predictive manner?

It was shown that the C,,,« and AUC of eletriptan

1. Increased 2.7-fold and 5.9-fold, respectively, during co-administration of eletriptan and
ketoconazole

2. Increased 2.2-fold and 2.7-fold, respectively, during co-administration of eletriptan and
verapamil :

3. Increased l.4-fold and 2-fold, respectively, during co-administration of eletriptan and
fluconazole

4. Were not influenced by concomitant intake of oral contraceptives

An in vitro-in vivo correlation between the interaction potential of CYP3 A4 inhibitors on the
pharmacokinetics of eletriptan was not established.

The maximum increase of DBP elicited by eletriptan was determined to be approximately 12

mmHg and 50% of the maximal DBP increase was reached at eletriptan plasma concentrations of
about 130 ng/mL.

In conclusion, the pharmacokinetics of eletriptan is susceptible to concomitant administration of
CYP3A4 inhibitors, where in vitro predictions have not been of use. Minor revisions of the

previously proposed label by FDA and revisions of the currently proposed label by the sponsor
are recommended.
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NDA 21-016
Relpax™ {eletriptan HBr)

BACKGROUND

An approvable letter was issued on October 27, 1999 for Relpax™ (eletriptan HBr), for treatment
of acute migraine attacks with or without aura in adults. The 80 mg tablet was not included in the
approvable action, due to inconclusive data regarding the safety and lack of improved efficacy

* above a 40 mg dose. On the contrary, indications of increased adverse events, where chest pain is

of major concern, in relation to higher doses were observed. In the original NDA submission
(10/27/98), eletnptan was shown to interact with cytochrome P450 3A4 inhibitors. Co-
administration of erythromycin increased eletriptan peak plasma concentrations (Cpa) and
exposure (AUC) 2- and 4-fold, respectively. After co-administration with ketoconazole, the
corresponding increase in eletriptan C,,, and AUC was about 3- and 6-fold, respectively.
Preliminary results from the ketoconazole-eletriptan study were submitted to the original NDA.
Since there were safety concerns that may be related to higher eletriptan plasma concentrations,
the approvable letter contained label revisions with a contraindication section for all concomitant
use of eletriptan and CYP3A4 inhibitors.

Between the time of the approvable letter (10/27/99) and the current resubmission (6/1/00),
discussions among the sponsor and FDA representatives took place. The sponsor suggested that
weaker CYP3AY inhibitors should be excluded from the list of contraindicated drugs, and the
discussions related to what scientific evidence would be needed for the removal of certain
CYP3A4 inhibitors from the list. It was agreed that it might be possible to remove some drugs
from the list of contraindicated drugs, after evaluation of the results from a combination of in
virro inhibition studies, and an in vivo study in healthy volunteers. The latter study investigated
the potential pharmacokinetic interaction between verapamil, a CYP3A4 inhibitor suggested to
have intermediate inhibition potential, and eletriptan. The sponsor was concerned that the
verapamil study results (observed increase in AUC and C,,, of eletriptan) could in part be
influenced by a pharmacologically mediated increase in hepatic blood tlow by verapamil.
Therefore, the sponsor initiated a 4 interaction study, with fluconazole, a more pure
‘intermediate’ CYP3A4 inhibitor, without other pharmacological effects that could influence the
pharmacokinetics of eletriptan. The preliminary pharmacokinetic results of the study with

verapamil were submitted 8/9/00, and the full, final report was submitted 10/13/00 together with
an abbreviated report of the study with fluconazole.

The major safety’ concern is related to the coronary artery vasoconstricting effects of eletriptan at

therapeutic doses. The pharmacologically elicited vasoconstriction appears to be related to Cypay
rather than exposure (AUC) of eletriptan.

The Clinical Pharmacology and Biopharmaceutics section of this Class I resubmission contains in
vitro inhibition studies and two final study reports from studies in healthy volunteers where the
interaction betw een eletriptan, and ketoconazole and verapamil, respectively, were investigated.
The sponsor has also resubmitted data listings regarding eletriptan’s interaction potential with
oral contraceptives from the original NDA, and an abbreviated study report investigating the
potential pharmacokinetic interaction between fluconazole and eletriptan. The sponsor has also

performed a meta-analysis of the pharmacodynamic (blood pressure) /pharmacokinetic
relationship of eletriptan.
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Pharmacokinetics of eletriptan

The relevant pharmacokinetics of eletriptan was described in the original review of NDA 21-016
dated August 9, 1999, by Dr. Rae Yuan, and is as follows;

Fast and relatively complete absorption (80%) with moderate 1*' pass extraction and an
absolute bioavailability (F) of 50% (. 1-2 hr, F=34% in males, F=64% in females)

Moderate plasma protein binding (approx. 85%) for both parent drug and active metabolite
with a large volume of distribution after i.v. dosing (138 L; 125 L in males, 143 L in females)

Metabolized by CYP3A4 10 an equi-potent aclive metabolite, UUK-135,800, which appears in
the plasma at an exposure of <20% of the parent drug, and hasat/2of 13 h

Minor metabolism by CYP1A and CYP2D6 (not considered as important routes of
metabolism)

Mostly metabolized with approximately 10% of renal excretion attributed to the parent drug
elimination (CL;=36 L/h, Clg=3.9 L/h, estimated in male subjects)

Secreted into nursing mitk (0.02%)
AUC and C,,, are not dose proportional from 20-80mg

A termmal half-life of about 4 hours

No effect on eletriptan PK after oral doses was found for age. gender, menstrual cycle,
moderate to severe renal impairment, and CYP2D6 polymorphic status

Effects on eletriptan PK after oral dosing were found for race, the onset of the disease
(reduction in C,,, and AUC, t,.. prolonged), food intake (C,,., and AUC +20-30%), mild to
moderate hepatic impairment (30% decrease in CL), propranolel co-administration (AUC
+30%), and erythromyein co-administration administration {AUC +357%)

APPEARS THIS WAY
0N ORIGINAL
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1. In vitro studies: Cytochrome P450 inhibition potential

{Submission 6/1/06(0)
Background

In the proposed label sent with the approvable letter, FDA suggested that eletriptan should not be
given concomitantly with the drugs listed in Table 1, which are cytochrome P450 3A4 inhibitors,
Data in the original NDA showed that the exposure (both C,,,, and AUC) of eletriptan increased
substantially during concomitant administration with known CYP 3A4 inhibitors, erythromycin

or ketoconazole. The sponsor has responded, and agreed to contraindicate certain CYP 3A4
inhibitors, also shown in Table 1.

TABLE 1. FDA'’s proposal of contraindicated CYP 3A4 inhibitors. The drugs marked in bold*,
indicate the drugs the sponser agrees to keep in the section for contraindications.

CONTRAINDICATIONS

Antifungals/bacterials: Protease inhibitors: Others:
- .
— [
e - ——
itraconazole* nelfinavir*
ketoconazole*: ritonavir*
I
M‘_,_/ ———
- . 13 -——u—*“‘l"’"_"—-_“—‘ T
Antidepressants/Antipsychotics:
Macrolide antibiotics: , nefazodone*
clarithromycin® ! . e
_— e e e
—
troleandomycin® e
———

replaces —___ , which was inadvertently added to FDA’s contraindicated CYP 3A4 inhibitors;
"not in original fist

- ST L
S i~ et T e e et

Sponsor’s in vitro data regarding CYP 3A4 mhibitors

In the approvable letter, FDA indicated that the list of contraindicated CYP 3 A4 inhibitors might
be excessive, depending on the effect of weaker inhibitors on the pharmacokinetics of eletriptan.
In subsequent teleconferences with the sponsor, it was agreed that the sponsor would investigate
the inhibition potential of CYP3A4 inhibitors on eletriptan’s metabolism in vitro, and to perform
an additional in vivo interaction study. The sponsor also undertook a thorough literature research,
and ranked known CYP 3A4 inhibitors in three groups according to their inhibition potential,
based on the in vitro Ki values for the different drugs. The three categories, A, B and C, would
approximate potent, intermediate, and weak inhibition potential of different drugs.

Additional in vitro studies were also performed to investigate known CYP3 A4 inhibitor’s effect
on the metabolism of eletriptan. For summaries regarding the two studies, please refer to

Appendix 1. The results of the literature research and the in virro inhibition studies are shown in
Table 2.
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TABLE 2. Published K1 values for a series of CYP 3A4 inhibitors ranked in order of most potent
to least potent. The column to the far left denotes the result of the in vitro inhibition studies with
eletriptan as a substrate.

Literature Ki Values Against CYP3A4 (mcM)
inhibitors Substrates Kivalues 1C4o and
for (estimated
calculabhons | Ki) values
{mcM)
determined
from in vitro
siudies with
eletriptan
{DM32 and
DM33}
Midazolam| Cyclosporin | Testosterone | Alprazolam | Terlenading
Cate?ory A [KigtmecM)
Ritonawir 0.05" 0.171, 0.019° 0.05
Ketoconazole 0.1 1:, 07°% 03" 01 0 046" 37 & 107 0.1 1.8({0.9)
018°,
0.1%,
0.015°
Indinavir 02" 068" 0.17° 0.2
Amprenavic -05° -0.5
Troleandomycin®* L
Category B (Ki>1-50mcM}
Nefazodona 157 15
Saquinawr 1.5 4, 2.99° 1.5
lraconazole 23" 4”& 11" 23 3.6 (1.8)
Netlinavir 48 - 48
Clarithromyein : 4" & 10" 7
Fluvoxamine 10.2" & B 2~ 9 >300
Verapamil 967 235° 10 >300
Fluconazole 10,7V 837 67 & 117 11 >300
Paroxetine 334" & 38 >300
38.7°
Progestetone 45° 45 ~300
Category C (KI>50mcM)
Ditlazem 549 51-75° 54 1A
Sertraline 64 4% 238" & 159" 65 >300
Fluoxeting 65.7F 833" & 66 >300
47 2"
Erythromycin® 1947 748" 75 6 & 13% 170
OC's : 172° 172 1A
Ethinylestradiol
Metrenidazoie 223" 223 >300
Cimetidine 268" 260 >300

Note the superscript letters donate the references associated with theee values and these are provided in tho
reference section of the attachment.

Note published Ki values could not be located for tha following drugs: clotrimazole, sbacavir (no clinical interaction
data located). zileuton, isoniazid, ciprofioxacin and grapetrult juice.

*Erythromytin's mechanism of inhibition is not refiected by Its relatively large KI vatue with resultant clinicat data
indicating thal this agent Is a potent Inhibitor of CYP3A4 activity (2). **The Ki of troleandomycin was estmated
from the IC50 taken lrom a plot of testosterone metabolism to Ebeta-hydroxy-testosterone. Also metabelic
activation is required for inhibitary activity (N). 1A = Nol determined as dnug inlerlered with assay

It should be noted that the above classification of weak inhibitors into the three categories,
according to the drugs’ Ki values, is arbitrary. A scientific consensus regarding an in vifro
classification is not in place at this time. The sponsor has chosen a conservative approach in the
choice of Ki value for the inhibitor where multiple substrate specific Ki’s have been determined.

The sponsor agreed to keep the contraindications for all CYP3 A4 inhibitors that have an in vitro
Ki value <5 pM. The sponsor also agreed to contraindicate the concomitant use of erythromycin
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and clarithromycin, due to the in vivo results {erythromycin), which can be explamed by the
mechanism-based inhibition by the drugs that is not observed in the in virro systems.

However, one major concern regarding the use of in vitro data of CYP 3A4 inhibitors is that any
in vivo effects on first pass processes are not predictable, i.e. inhibition of CYP 3A4 in the

intestinal lumen, or inhibition of P-glyceprotein (PGP). PGP mediates transcellular transport of
drugs, especially efflux of drugs back to the intestinal tract.

2. In vivo studies: Eletriptan co-administered with CYP 3A4 inhibitors

(Submissions 6/1/00, 10/13/00)
Ervthromvyein. Ketoconazole, Verapamil, and Fluconazole

Background

The major safety concern regarding this submission is related to the coronary artery
vasoconstricting effects of eletriptan at therapeutic doses. For further details, please refer to the

medical review. The pharmacologically elicited vasoconstriction appears to be related to Cpax
rather than exposure (AUC) of eletriptan.

The sponsor has performed four studies in healthy volunteers to investigate the interaction

potential of CYP 3A4 inhibitors (erythromycin, ketoconazoele, verapamil, flucenazole) on the
pharmacokinetics of eletriptan.

The final study report for erythromycin and the abbreviated study report for ketoconazole were
submitted and reviewed in the original NDA. The current submission contains the fimal study
reports for ketoconazole and verapamil, and an abbreviated study report for fluconazole. For
details regarding the latter studies, please refer to Appendix 1.

As stated earlier, the choice of verapamil and fluconazole as CYP 3A4 inhibitors was due to their
‘intermediate’ inlibition potential, i.e. in vitro data showed that the inhibition potential of the two
drugs would be marginal (ICs, > 300 pM). FDA recommended verapamil for the first study, since
the drug is used off-label, for migraine prophylaxis. The sponsor was concerned that verapamil
could in part influence the pharmacokinetics of eletriptan, by a pharmacologically mediated
increase in hepatic blood flow, as well as by a CYP 3A4 inhibition. The sponsor initiated a 4™
interaction study, with fluconazole, a more pure ‘intermediate’ CYP3 A4 inhibitor, without other
pharmacological effects that could influence the pharmacokinetics of eletriptan.

The demographics and dosing regimens used in the studies are described in Table 2. In ail studies,
frequent blood samples were collected up to 48 h {erythromycin 24 h) after eletriptan dosing and
systolic and diastolic blood pressure and pulse were also fol]owed after eletriptan dose—intake

TABLE 2. Number of subjects, their ages (range), and dosing regimens in studies to 1nvestsgate the
interaction potential of CYP 3A4 inhibitors on eletriptan in healthy adult volunteers.

CYP3A4 Number of subjects Age Dosing regimen

Inhibitor (Males/Females) (years) (Design: randomized, 2-way cross-over)

Ketoconazole 18 (9/9) 19-44  Ketoconazole 400 mg or placebo q.d. for 4 days; 80
mg eletriptan on Day 3

Erythromycin 18 (12/6) 20-34  Erythromycin 500 mg or placebo b.i.d. for 7 days; 80
mg eletriptan on Day 7

Verapamil 17 (9/8) 19-40  Verapamil (sustained release tabl.) 120 mg or

placebo b.i.d. on Days 1-2, 240 mg or placebo b.i.d.
on Days 3-7; 80 mg eletriptan on Day 6
Fluconazole 18(9/9) 19-35  Fluconazole 100 mg or placebo q.d. for 7 days (Day
1 loading dose of 200 mg q.d.); 80 mg eletriptan on
Day 6
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Pharmacokinetic Results

There was a substantial interaction between all investigated CYP 3A4 inhibitors and eletriptan, as
shown in Figure 1.

600 o
__o— Ketoconazole {M) -
550 ]! . o ...Ketoconazole (F)
— a— Erythromycin (M)
500 L ... Erythromycin (F)
—»— Verapamil {M)
450 L ;.. Verapamil (F)
5 — o Fluconazole (M)
E 400 - _ .  Fluconazole (F}
£ 250
e}
g 300
o
250
200
150
100 , X
Eletriptan Eletriptan+interacting Drug
9000
— o— Ketoconazole (M) D
8000 Y ...o... Ketoconazole (F) )
—-a— Erythromycin (M}
7000 ! ... a--.. Erythromycin {F) o
—w— Verapamil (M}
6000 || - = .-Verapamil (F)
-y —e— Fluconazole (M)
% 5000 || - e .- Fluconazole (F) A
2
— 4000
|6 ]
o
< 3000
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1000
0

Eletriptan Eletriptan+Interacting Drug

FIGURE 1. Arithmetic means of C,, (upper panel), and AUC .5y (lower panel) of eletriptan
after a single dose of 80 mg during repeated doses of placebo and CYP 3A4 inhibitors in healthy
adult male (solid lines) or female (dashed lines) volunteers.

Figure 1 is somewhat misleading, with an apparent gender difference, where females had larger
increases in mean AUC and C,,,, values after co-administration of eletriptan - ketoconazole and
eletriptan erythromycin compared to eletriptan alone. However, the individual increases in AUC
and C,,., did not show a similar trend, which shows that the mean increases after ketoconazole
and erythromycin are influenced by a small number of female subjects (see Appendix 1 for
individual graphs for the respective studies).
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The arithmetic means for Cpa, and AUCy nsmy and point estimates (logarithmic) with confidence

intervals of eletriptan after co-administration of placebo or the respective CYP 3A4 inhibitor are
shown in Tables 3 and 4.

TABLE 3. Cpa (arithmetic mean &+ SD), of eletriptan after a single dose of 80 mg during repeated
doses of a CYP 3A4 inhibitors or placebo in healthy adult volunteers. Ratios (% increase based
on geomelric means), and 95% or 90% confidence intervals between treatments are also shown.

CYP3A4 Cax (ng/mL) Ln Ratio 95% or 90%*

Inhibitor Eletriptan+ Eletriptan + confidence interval
Placebo Inhibitor

Ketoconazole 191+76 491143 267% 229% - 310%

Erythromycin 200x95 372497 198% 164% - 238%

Verapamil 190+42 430£116 224% 200%* - 252%*

Fluconazole 199491 261493 136% 117%* — 158%*

TABLE 4. AUC ¢ (artthmetic mean + SD), of eletriptan after a single dose of 80 mg during
repeated doses of CYP 3A4 inhibitors or placebo in healthy adult volunteers. Ratios (% increase
based on geometric means). and 95% or 90% confidence intervals between treatments are shown.

CYP3A4 AUCy_ (ng.h/mL) Ln Ratio 95% or 90%*

Inhibitor Eletriptan+  Eletriptan + confidence interval
Placebo Inhibitor )

Ketoconazole 12884557 7565%2964 591% 516% —~ 679%

Erythromycin 12302421 442741458 357% 307% - 415%

Verapamil 1394432 38931372 274% 247%* - 303%*

Fluconazole 1380736 26921114 203% 187%* - 220%*

The increase (x-fold) of AUC and C,,,, for all volunteers, and also divided by gender, of the same
data depicted in Tables 3-4. is also shown in Table 5. The terminal half-life of eletriptan was
prolonged by co-administration of the inhibitors, where the order of prelongation was
ketoconazole> erythromycin> fluconazole> verapamil.

APPZARS THIS WAY
O ORIGINAL
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TABLE 5. Increase of AUCq.naniy and Cpa (arithmetic means = SD of individual increases), of
eletriptan after a single dose of 80 mg during repeated doses of placebo or CYP 3A4 inhibitors.

Ratios (x-fold increase, range of minimal and maximal individual increases) and terminal t'4

between treatments are shown.

CYP 3Ad AUC). (ngh/mL)  Cpay (ng/mL) % (h) t'% (h)
Inhibitor Mean + SD Mean £+ SD (combination)  (monotherapy)
(min-max) (min-meax) Mean £ SD Mean = SD
Ketoconazole All: 6.2 £ 1.8 2.8+038 8.7+ 2.0 50+1.1
Males: 55415 2.7+08 92+£23 49+ 10
(n=9) e e
Females: 7.5+ 1.6 30109 7709 S 113
(n=9) —
Erythromycin All: 3.8+ 1.3 2108 7.05% 4.55*
Males: 3.1%0.7 1.8+05
(n=12) - .
Females: 4.4+ 1.5 25+1.0
{n=6)
Verapamil all: 2.8+ 0.7 2307 5.0+ 0.8 4.6 £ 0.8
Males: 2.5+04 22%07 53209 50£08
(n=9) e
Females: 2.8%+40.7 25x0.7 4.6L06 4.1+0.7
(n=8) — )
Fluconazole All: 2.1 04 1.4£0.5 6.6+ 1.0 4.9+ 1.1
Males: 2.1x04 - 14x05 7010 52+1.1
(1=9) —
Females: 2104 1.4x04 6.2+1.0 4.5+ 0.9
(11=9) —

*Harmonic mean

Verapamil marginally increased hepatic blood flow (QH), by about 5%. There was a net increase
in indocyanine green (ICG) clearance of 8%, but the variability was considerable (90%
confidence intervals of ICG CL: -41 to 177 mL/min). The IC-green measurements were
performed on the moming of Day 5, i.e., the day preceding the eletriptan dose intake (Day 6).

Inspection of the data does not indicate a correlation between liver blood flow and eletriptan C
and AUC, as shown in Figure 2.

L o Cran (£
. o Cmax (E+Y) BOOG o AUCE)
.oo+ * rooo] N e AUC T
600 -
. 5000 4
5 500 | R . _ -
& . = 5000 LI
=Y . - - £
£ 400 4 . 2 -
= . . o 4000 - .
E . - . £ '- .
G ¥ ° . 2 3000 |
o 0 ® < . o .
o
200 '-; ° - %o 2000 | o . -
o ® © e o fad
109 1000 | &ge ¢ o °
o + 3 4 + + ¥ I o + + + + + + —t
500 750 1000 1250 1500 1750 2000 2250 500 750 1000 9250 1500 1750 2000 7250

Uver blood flow {mLUmin) Lhver blood flow {mlmin)

FIGURE 1. Influence of QH (Day 5) on Chix (left panel), and AUC (right panel) of eletriptan (80
g Day 6) during b.i.d. dosing of placebo (unfilled circles) and verapamil (240 mg, filled circles).
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This finding concurs with values reported in the literature, where only single doses of verapamil
has been shown to exert an acute, augmenting effect on QH. This increase in QH has been
reported to diminish during repeated administration of verapamil. Therefore, it is likely that the

small alterations observed in QH do not make a major contribution to the observed interaction
between the two drugs.

There was a somewhat higher incidence in adverse events (AEs) when eletriptan was co-
administered with each of the CYP 3A4 inhibitors, compared to co-administration with placebo.
Co-administration of eletriptan + ketoconazole gave the largest increases in AUC and C,,,. This
was also reflected in the adverse event profile, where more severe AEs on the combination of the
two drugs were reported than with the other three CYP3A4 inhibitors. Eletriptan + ketoconazole
co-administration resulted in severe AEs (six cases of asthenia, somnolence and vomiting in five

subjects, 3F/2M), whereas only mild to moderate AEs were observed with eletriptan + placebo
administration.

Oral Contraceptives

In the original submission, the sponsor made a population pharmacokinetic (PPK) analysis on
data from Phase 1] studies, and did not find an influence of CYP 3A4 inhibitors, including oral
contraceptives (OC), on the pharmacokinetics of eletriptan. In the original NDA-review concern
was expressed that the drug analysis in saliva could be insensitive, or that the analysis may lack
statistical power for certain subgroups due to limited number of subjects in those groups. The
sponsor resubmitted data regarding efficacy, safety and pharmacokinetics from the original NDA.

Both progesterone and ethinylestradiol have been shown to inhibit CYP 3A4 in vitro (see Table 2,
page 6 of this review). The sponsor could not determine an in vitro ICsg value for ethinylestradiol
due to analytical interference, and an ICsp~ 300 pM was determined for progesterone. In the four
interaction studies with CYP 3A4 inhibitors, 10 women were taking OC’s, and 13 women were
using other means of contraception. A naive pooling of the data for AUC and C,,., eletriptan

(+placebo) showed a very small interaction between use of oral contraceptives and eletriptan, as
shown in Table 6.

TABLE 6. Pooled values AUCq iy and Crgy (arithmetic means = SD), of 80 mg eletriptan +
placebo in female snbjects from the four different studies with CYP 3A4 inhibitors.

Parameter Eletriptan + with Eletriptan + Difference
0C’s (0=10) without OC’s (n=13) (%)
AUC,_. (ng.h/mL) 1300 £ 409 1155 + 361 13%
Crax (ng/mL) 203 £ 69 186 £ 76 9%
Comments

A cross-study comparison may be questionable, however a clear pharmacokinetic interaction

between use of oral contraceptives and eletriptan was not observed, supporting the results from
the previcus PPK analysis.

3. Systolic and Diastolic Blood Pressure

In the initial dose escalation studies with eletriptan there were small dose related increases in
blood pressure. The changes in diastolic blood pressure (DBP) were related to eletriptan
concentration and maximum concentration (C,,.,) and maximum effect (E,.) occurred at about
the same time. The first PK/PD analysis was presented in the original NDA. Subsequently, the
sponsor has used additional modeling approaches to determine the PK/PD relationship between
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DBP and cletriptan plasma concentrations. A more complete description of the meta-analysis can
be found in Appendix 1 (Study #6).

Two of the modeling approaches were based on C,,,, with a third analysis using NONMEM to
assess the overall concentration relationship. The PK/PD models using Cy,,, resulted in
predictions that were similar to those using NONMEM. Eletriptans PK/PD relationship was
determined by use of data from 12 clinical pharmacology studies.

Five of the 12 studies included in the pooled analysis contained an estimate of the placebo BP
response allowing an assessment of the variability of the placebo response for BP. The mean
maximal increase in DBP across all studies was 6.9 mmHg (11.4% change from baseline), and
the corresponding mean maximal increase in SBP was studies was 11.1 mmHg (9.6% change

from baseline). There was a high within subject variability and a high variability between studies
in the placebo response, for both SBP and DBP.

Two models (linear and E..) were used in the PK/PD modeling. The models were fitted to the

individual increases occurring at Cp,e or the full effect (DBP)- eletriptan plasma concentration
profiles 0-12 h after eletriptan dose intake.

The initial inear model developed in the original NDA had a slope of 0.092 (%%change per
ng/ml). The slopes of the pooled analysis were 0.028 (Yochange per ng/mi) and 0.017 (mmHg
chaitge per ng/ml). The slopes of the NONMEM analyses where a linear model was fitted to the
data were 0.0318 and 0.0276 (mmHg change per ng/ml) for the raw and placebo adjusted DBP
data respectively. The models derived from the poocled data predict a smaller effect of eletriptan
on blood pressure than eriginally predicted.

The Ema model [E = Eqa ¥ (1/(1+EC50/C))+EO0} from the pooled analysis of DBP vs. E,,, gave a
maximum effect (E,,} on DBP of 12.5 mmHg, with an eletriptan plasma concentration of 130
ng/mL producing 50% of E,. (ECsg). The base-line effect on DBP (E0) was determined to
0.0135 mmHg. A NONMEM analysis of the placebo adjusted DBP using the same model gave
similar parameter estimates (placebo adjusted DBP: E,, of 11 mmHg and EC50 of 136 ng/mL;
unadjusted DBP: E,,, of 19.7 mmHg and EC50 of 391 ng/mL). The DBP - eletriptan plasma
concentration profiles 0-12 h after eletriptan dose intake are shown in Figure 4.

)

A

FIGURE 4. Actual and predicted BP (Raw: upper panel and placebo subtracted: lower panel) vs.
¢letriptan plasma concentrations from the NONMEM analysis.

Comments

There is a relationship between eletriptan plasma concentrations and DBP that can be described
by an E,, model predicting a maximum effect on mean DBP. This model reasonably predicted
the changes in peak DBP that were observed in the CYP3A4 drug interaction studies. The
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sponsor did not submit a full description of the analysis, but the estimates scem reasonable.
Eletriptan elicits moderate effects on DBP (and SBP) also at much higher drug plasma

concentrations than expected at therapeutic doses (40 mg: C,., 90-100 ng/mL), as observed in the
drug-drug interaction studies.

4. Overall comments

The sponsor has not shown a clear correlation between in vitro and in vive effects of concomitant
administration of eletriptan and CYP3A4 inhibitars. The sponsor’s own in vitre evaluation did
not discern the effects of the CYP3A4 inhibitors with intermediate interaction potential on the
melabolism of eletriptan. Both verapamil and fluconazole co-administration in vivo showed
increases in Cn and AUC of eletriptan, but the interaction potentials were not detected in the in
vitro system. The sponsor refers to the lower in vitro Ki values of fluconazole reported in the
literature (See Table 2, page 6 of review) as a better guide for predictions of the flucenazole
interaction. Since literature data regarding Ki values are inherently difficult to use in in vivo
extrapolations, due to differences between laboratory methods and experimental conditions, it is a
problematical approach to potentially reduce the list of contraindicated drugs suggested by the
FDA. and it is not recommended. The sponsor has only used [iterature Ki values to compare the
in vivo observations of ketoconazole and fluconazole on eletriptan pharmacokinetics, and has not
proposed to use literature Ki values for other observations.

The larger than anticipated mteraction between verapamil and eletriptan that was observed in vivo
was not explained by an additional effect on liver bleod flaw (QH). Although the determinations
of QH was performed one day prior to eletriptan dosing, is seems unlikely that the lack of
correlation between Qi and eletriptan C,o and AUC would change dramatically between Days 5
and 6. Reports in the literature also indicate that repeated doses of verapamil do not increase QH
by the same magnitude as after acute doses (Meridith PA ef al, 1985, Lay C-S et al, 1988, Rocci
ML er af. 1989). The sponsor also submitted a recent publication (Bennett MA et al, 2000). In
this publication, it 1s shown that verapamil, among other calcium channel blockers, may act in
part as a quasi-irreversible CYP3A4 inhibitor. This further limits the use of an in vitro-in vivo
correlation to predict the pharmacokinetic interactions when eletriptan is co-administered with
CYP3A4 inhibitors, since refined in vivo methods evolves continuously, and previously generated
in vitro data may not be accurate. The imnteraction between verapamil and eletriptan did not
increase the t'% of ¢letriptan, indicating that the clearance of eletriptan may be less influenced by
verapamil compared to the other studied CYP3A4 inhibitors. The increase in AUC of eletriptan
may occur during the first pass, i.e. the bioavailability of eletriptan may be increased during
verapamil co-administration. One possible explanation to the observed in vivo interaction with
verapamil and eletriptan may be an inhibition of P-glycoprotein of verapamil, which has been
shown to also inhibit PGP. Using the indication of PGP inhibition by inspecting tpay, there was a
slight decrease after co-administration of the drugs (1. monotherapy: 2.6 h, t,,, combination: 2.2
h). However, t,,, was only reduced in nine subjects. A PGP inhibition of drug efflux across the
intestinal lumen by verapamil, may be part of the observed interaction. A similar decrease in ty,,
was not observed when eletriptan was given in combination with the other CYP3A4 inhibitors.

The major safety concern, pharmacologically elicited vasoconstriction in coronary arteries, was
observed after eletriptan intravenous administration, at therapeutic concentrations comparable to
a 40 mg oral dose. The vasoconstriction appears to be related to Cp,., rather than exposure (AUC)
of eletriptan. Concomitant administration of ketoconazole, erythromycin and verapamil increased
the C,a. of eletriptan 2 or 3-fold. Fluconazole was the only drug that only moderately increased
Conax of eletriptan (+36%).
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In conclusion, the studied CYP3A4 inhibitors substantially increase Cpa and AUC of eletriptan.
Verapamil and fluconazole should also be included in the label text of contraindicated drugs used
in combination with eletriptan, until more safety data regarding the eletriptan’s effects on
coronary artery constriction is available.
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RECOMMENDATION

From a pharmacokinetic point of view, this NDA amendment for use of eletriptan in treatment

acute migraine attacks with or without aura in adults is acceptable to the Office of Clinical
Pharmacology and Biopharmaceutics.

Please forward the labeling changes to the Medical Division.

B - =] A . .
Maria Sunzel, Ph.D,, 72 / b/ /] ZO/ o)

r~ g

. _ /7
RD/FT initialed by Ray Baweja, Ph.D., _W 0.
7

Division of Pharmaceutical Evaluation I,
Office of Clinical Pharmacology and Biopharmaceutics

c.c.: NDA 21-016, HFD-120 (Katz, Feeney, Oliva), HFD-860 (Mehta, Baweja, Sunzel), HFD-340
{Viswanathan), Central Document Room (Biopharm files) and FOI files (HFD-19)
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APPENDIX 1

Study #1. Ap open randomized, placebo controlled, two-period crossover study to
investigate the effects of ketoconazole on the pharmacokinetics, safety and toleration of a
single dose of eletriptan (80 mg) [Protocol A160-1043]

(Submission 6/1/00)
Objective
The primary aim of the study was to investigate the effects of ketoconazole on the
pharmacokinetics of a single dose of eletriptan.

Study Design and Demographics
This was an open, randomized, placebo controlled, 2-period, crossover study in 18 healthy, adult
volunteers (12M/6F, actval age range 19-44 years). The subjects received 400 mg (2x200 mg)

ketoconazole or unmatched placebo once daily for 4 days. On the morning of the 3" day, 80 mg
(2x40 mg) eletriptan was co-administered.

Blood samples for plasma analysis of eletriptan were collected post-dose on Day 3, at 0, 0.5, 1,
1.5,2,3,4,6,8, 10, 12, 18, 24, 36 and 48 h, of each study period. Supine systolic (SBP) and
dtastolic (DBP) blood pressure and pulse rate was taken in duplicate pre-dose, 1, 1.5,2,3, 4, 6, 8,
10, 12 and 24 h post dose on Day 3, the day of eletriptan dose intake. A semi-automated
sphygmomanometer was used. Safety assessments (ECG, physical examination, laboratory safety
monitoring) were performed at screening and follow-up visits. Adverse events and laboratory
tests (Day 3) were monitored during the investigational periods.

Bicanalytical Methods _
Plasma concentrations of eletriptan were determined by the use of a validated -— procedure

with UV detection. The method was validated over the concentration ranges ol = —— (LO)
For the calibration standards (standard curves) in plasma, the standard deviation
was 7.7% or less, and the accuracy (relative error) was within the range of _

Pharmacokinetic and Pharmacodynamic Analysis

Pharmacokinetic parameters (Cya, toa, AUCo., AUC, ., and t34) for eletriptan were estimated by
non-compartmental methods. The area under the effect — time curves during 12 h post eletriptan
dose (AUEC. ) for SBP and DBP were calculated by non-compartmental methods. The
maximum change from base line was also determined.

Results
Pharmacokinetics

The mean plasma concentration-time curves of eletriptan during co-administration of placebo or
ketoconazole are shown in Figure 1.1.

APPEAR S?””‘ ‘.’J‘x '
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FIGURE 1.1 Mean plasma concentration-time curves of a single dose of 80 mg eletriptan Day 3,

after co-administration of ketoconazole (400 mg QD; upper curve) or placebo (lower curve) in
healthv adult subjects (n=18).

The pharmacokinetic parameters after a single 80 mg dose of eletriptan on Day 3 co-administered
with ketoconazole (400 mg.QD, 4 days) or placebo (QD, 4 days) are shown in Table 1.1.

TABLE 1.1 Pharmacokinetics of eletriptan (80 mg single dose, Day 3) during concomitant dosing
of ketoconazole (400 mg) or placebo QD for 4 days (n=18). Upper panel: Geometric means and
95% confidence intervals Lower panel: Arithmetic means (SD) and coefficients of variation.

Parameter Adjusted Means* Ratio' " or 95% ClI
Ketoconazole & Placebo & Ditference™
Eletriptan Elelriptan between Maans

AUC (ng.Wml) 7029 1190 591% " 516 to 676%
AUC, (ng.hml} 6823 1183 Mot analysed HNot analysed
Crmaz (ng/ml) 473.8 177.7 267% 22910 310%
Temax () 539 2.81 2.583 % 1.706 10 3.460
Ka (/) 0.084 0.146 -0.062 -0.074 to -0.051
fiz (N) 8.29 4.75 Not analysed Not analysed

‘Means are geometric for AUC, AUCk and Cmex, arithmetic tor Tmax and ke and harmonic for tyz.

Those for AUC, and twe are unadjusted.

[ Parameter N=18
Ketoconazole & Eletriptan Placebo & Elelriptan
Mean S.D. CV(%) Mean S.D. CV(%)
AUG {ng.h/mi} 7564.8 2963.56 39.2 1287.7 556.60 43.2
AUC, (ng.n/mi} 7305.7 2767.13 37.9 1280.7 556.10Q 43.4
| Crnax (ng/ml} 490.8 143.11 29.2 190.7 76.10 39.9

Arithmetic means, standard devialions and coeflicients of variation are between subject values.

As shown in Table 1.1, eletriptan AUC increased 5.9-fold and C,,,, increased 2.7-fold, during
concomitant administration of ketoconazole. The increases in AUC and Cp,,, were similar
between males and females, as shown in Figure 1.2. However, a female subject reached the
highest eletriptan Cpa observed in the study, 904 ng/mL on the combination, compared to 245
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ng/ml on monotherapy (3.7-fold increase). The same female subject (Subject 15, Caucasian, age
29, height 152.5 ¢m, weight 51.3 kg, non-drinker, taking oral contraceptives) also had the highest

AUC, 13280 ng.Wml, on the combination, compared to 1730 ng.h/mL on monotherapy (7.7-fold
increase).
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Eletriptan Eletriptans Ketoconazole Eletriptan Eletriptans Ketoconazole

F1GURE 1.2 Individual eletriptan C,,, (left panel) and AUC after an 80 mg single dose on Day 3,
after co-administration of ketoconazole (400 mg) or placebo healthy adult male (n=12; filled
circlesy and female (n=6; unfilled circles) subjects.

In the Subject Data Listings of the study, pharmacokinetic data for the active metabolite
UK-135,800 is given for two subjects (Subjects 3 and 15). This data is not presented in the main
body of the report, or in the analytical report. The pharmacokinetics of UK-135,800 was
determined for Subject 15 (female, age 29), who had the highest increases in eletriptan
concentrations between the two treatments, and Subject 3 (male, age 20), who had the least
increase in AUC (3.4 fold) and one of the lower increases in Cp,a (2.4-fold) between the two
treatments. The pharmacokinetic parameters of UK-135,800 are shown in Table 1.2.

TABLE 1.2 The pharmacokinetics of UK-135,800 after a single dose of 80 mg eletriptan given
tagether with repeated doses of placebo (E) or 400 mg ketoconazole (E+K)

Parameter Subject 3 (male) Subject 15 (female)
AUC, ng.ivmL (E) 183.2 362.7
AUC ng.h/mL (E+K) 2413 690.9
Increase (x-fold) 1.3 1.9
C mav ng/mL (E) 18.7 39.7
C mae, ng/mL (E+K) 127 22.1
Increase (x-fold) 0.7 0.6
Toma h (E) 2 3
Tmaw h (E+K) 6 18
¥ (E) 5.9 6.5
t¥4 (E+K) 11.1 11.0

The AUC of UK-135,800 were about 20% of the AUC of eletriptan given together with repeated
doses of placebo, and about 5% when given together with ketoconazole.

Page 18 of 52



NDA 21-016
Relpax™ (eletriptan HBr)

Pharmacodynamics

The effect on mean DBP after eletriptan + placebo and eletriptan + ketoconazole are shown in
Figure 1.3,
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FIGURE 1.3 Mean change from baseline in supine DBP (mmHg) over time after a single dose of
80 myg eletriptan Day 3, co-administrered with ketoconazole (400 mg QD; upper curve) or
placebo (lower curve) in healthy adult subjects (n=18). Baseline (average of 2 measurements) was
determined just prior to eletriptan dose intake. )

Both the mean SBP and mean DBP showed treatment related increases, as shown in Table 1.3.

TABLE 1.3. The area under the effect — time curves during 12 h (AUECq.2,) and maximum
increases with 95% confidence intervals for SBP and DBP after a single dose of eletriptan (80 mg

single dose. Day 3) during concomitant dosing of ketoconazole (400 mg) or placebo QD for 4
days (n=18).

Parameter Adjusted Arithmetic Means Ditference | 95% CI

Ketoconazole & Placebo & between

Eletriptan Eletriptan means

Change in AUEC Systolic blocd 51.23 37.55 13.68 0.2910 27.06
pressure (mmHg.h)
Change in AUEC Diastolic blood 70.60 44.92 2569 8.241043.13
pressure (mmHg.h)
Maximum increase from baseline 13.39 13.08 0.3 -2.33102.95
in systolic blood pressure
{mmHqg)
Maximum increase from baseline 12 62 974 2.88 0.68 10 5.09
In diastolic blood pressure
(mmHg)

Co-administration of ketoconazole produced statistically significant treatment-related increases in
AUEC from pre-eletriptan baseline for both systolic (p=0.0458) and diastolic (p=0.0068) blood
pressure. The actual mean differences observed were 13.68mmHg.h and 25.69mmHg.h,
respectively. The differences between means for maximum increase from baseline were 0.31
mmHg for systolic blood pressure (p=0.8063) and 2.88 mmHg for diastolic blood pressure
(p=0.0138).
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Adverse events

There were more treatment related adverse events in the ketoconazole + eletriptan group (n=13)
than the placebo + eletriptan group (n=13) and more in both of these groups compared to
ketoconazole (n=4) and placebo (n=6) alone. All adverse events that were classified as severe
occurred during ketoconazole + eletriptan treatment (six cases of asthenia, somnolence and
vomiting in five subjects, 3F/2M). All of these events cleared and required no action.

Comments:

There was a large interaction after co-administration of eletriptan and the potent cytochrome
P450 3A4 inhibitor, ketoconazole. The point estimate of the AUC increase was 6.2-fold
(arithmetic mean), however the largest individual increase was 9.8-fold (subject 13, female). The
point estimate of the C,,,,, increase was 2.8-fold (arithmetic mean), the corresponding largest
individual increase in Cp,,y Was 4.4-fold (subject 14, female). Ketoconazole has been reported to
also inhibit P-glycoprotein (PGP), which mediates transcellular transport of drugs, especially
efflux of drugs back to the intestinal tract. It is not possible to estimate the influence of a potential
PGP inhibition, however the increase in half-life of cletriptan indicates CYP3A4 inhibition. Also,
one indication of PGP inhibition would be a decrease in t,,,,, but this was not observed in the
study (tyax monotherapy: 2.8 h, ty,, combination: 5.4 h).

The sparse data regarding the active metabolite, UK-135,800, indicate that the elimination of the
metabolite i1s mediated via CYP3A4, since the t'4 was increased to 11 h during eletriptan +
ketoconazole treatment, and about 6 h after eletriptan alone. In the original NDA review, the t'4
of UK-135,800 was reported to be about 12 h, a half-life that is twice as long compared to the
approximately 6 h reported for the two subjects in this study. After co-administration of the two
drugs, the increases in AUC were 30% and 90%, for subject 3 and 15, respectively. This increase
in AUC of UK-135,800 were modest compared to the increases in AUC of eletriptan. Therefore,
1t seems hikely that the interaction is of minor importance regarding UK-135,800, as the potential
contribution of additional pharmacological effects from the metabolite diminishes during co-
administration of eletriptan and a CYP3A4 inhibitor, since the relative exposure (AUC) to UK-
153,800 diminishes during combination therapy.

In conclusion, co-administration of ketoconazole and cletriptan increases the Cy,, 3-fold and
AUC 6-fold. It is recommended that the co-administration of eletriptan and potent CYP3A4

inhibitors be contraindicated in the label, due to the large increase in C, and exposure of
¢letriptan.

APPEARS THIS WAY
ON ORIGINAL
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Study #2. An open randomized, placebo controlled, two-period crossover study to
investigate the effects of sustained release verapamil on the pharmacokinetics, safety and
toleration of a single dose of eletriptan (80 mg) [Protocol A160-1058]

(Submission 10/13/00)
Objective

The primary aim of the study was to investigate the effects of verapamil on the pharmacokinetics
of a single dose of eletriptan.

Study Design and Demographics

This was an open, randomized, placebo controlled, 2-period, crossover study in 18 healthy, adult
volunteers (enrolled: 9M/9F, actual age range 19-40 years). One subject (female, subj. 18)
withdrew informed consent (not refated to study drug) after the first period (eletriptan +
verapamil dosing). The subjects received verapamil (sustained release tablets) 120 mg or placebo
b.a.d. Days 1-2. On days 3-7 the subjects received 240 mg or placebo b.i.d. (480 mg
verapamil/day). On the morning of the 6" day, 80 mg (2x40 mg) eletriptan was co-administered.
Indocyanine (IC)-green was administered intravenously (bolus of 0.5 mg/kg} in the mormning of

day 5 (verapamil or placebo treatment), and samples were collected pre-dose and up to 15 min
post-dose for determination of IC-green clearance.

Blood samples for plasma analysis of eletriptan were collected post-dose on Day 6, at 0, 0.5, 1,
1.5.2,3,4,6,8,10,12, 18, 24, 36 and 48 h, of each study period. Supine systolic (SBF) and
diastolic (DBP) blood pressure and pulse rate was taken in duplicate pre-dose, 1, 1.5,2, 3,4, 6. 8.
10, 12 and 24 h post dose on Day 6, the day of eletriptan dose intake. A

sphygmomanometer was used. Safety assessments (ECG, physical examination, laboratory safety
monitoring) were performed at screening and follow-up visits. Adverse events and laboratory
tests (Day 6) were monitored during the investigational periods.

Bioanalytical Methods

Plasma concentrations of eletriptan were determined by the use of a validate —  procedure

with UV detection. The method was validated over the concentration ranges ol ——  (LOQ)
— For the calibration standards (standard curves) in plasma, the standard deviation

was 14.1% or less, and the accuracy (relative error) was within the range of

IC-green was analyzed by a spectrophotometrical method. Standard curves were prepared from
spiked serum samples. No analytical report for the 1C-green analysis was submitted.

Pharmacokinetic and Pharmacodynamic Analysis

Pharmacokinetic parameters (Cpay, tmaxs AUCo., AUC,,, and t'%) for eletriptan were estimated by
non-compartmental methods. The same parameters and also CL,, was calculated for 1C-green.
The area under the effect — time curves during 12 h post eletriptan dose (AUEC,.2,) for SBP and
DBP were calculated by non-compartmental methods. The maximum change from baseline was

also determined.
Results
Pharmacokinetics

The mean plasma concentration-time curves of eletriptan during co-administration of placebo or
verapamil are shown in Figure 2.1,
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FIGURE 2.1 Mean plasma concentration-time curves of a single dose of 80 mg eletriptan Day 6,

after co-admintstration of verapamil (240 mg b.i.d, Days 3-7; upper curve) or placebo (lower
curve) in healthy adult subjects (n=17).

The pharmacokinetic parameters after a single 80 mg dose of eletriptan on Day 6 co-administered
with verapamil (240 mg b.i.d., Days 3-7) or placebo (QD, 7 days) are shown in Table 2.1.

TABLE 2.1. Pharmacokinetics of eletriptan (80 mg singlle dose, Day 6) during concomitant dosing,
of verapamil (240 mg b.i.d., Days 3-7) or placebo QD for 7 days (n=17). Upper panel: Geometric
means and 90% confidence intervals Lower panel: Arithmetic means (SP) and % CV

Parameter Eletriptan + | Eletnptan + Mean 90% ClI

varapamil placebo ratio/ditlerence

(N=17) {N=17)

AUC {ng.h/ml) 3666° 1340* ratio 2.74 2.47, 3.03
AUC, {ng.h/ml) 3647 1329" n/a n/a
C__ (ng/mi} 415" 185° raho 2.24 2.00,2.52
T M) 2.7 2.5 ditference —0.302 1.272,0.667
k, (M) 0.1419° 0.1550° difference —0.0131 -0.0220, -0.0042
t. (b} 49 45" nfa n/a
Source: Tables 5.1.2105.1.6 a

nd 5.2; “adjusted geomelric mean, 'unadjusted geometric mean,
“adjusied arithmetic mean, *unadjusted harmonic mean, /a= not analysed.

Parameter Eletriptan + Verapamil* | Eletriptan + Placebo
mean 5D CV% mean SD { CV%

AUC (ng.ml) 3893 1372 35 1394 432 31

AUC, (ngh/ml) 3882 1366 35 1385 428 31

C nax (ng/mL) 430 116 27 190 42 22

*Without subject 18, female that withdrew consent before the 2™ period
{AUCqr 3555 ngWmL; Cpax 304 ng/mL; ty,, 4 hy V2 6 1)

As shown in Table 2.1, eletriptan AUC increased 2.7-fold and Cy., increased 2.2-fold, during
concomitant administration of verapamil. The increases in AUC and C,..x Were similar between
males and females, as shown in Figure 2.2. However, a female subject reached the highest
eletriptan C,,, observed in the study, 689 ng/mL on the combination, compared to 180 ng/mL on
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monotherapy (3.8-fold increase). The same female subject (Subject 15, Asian, age 19, height 160
cm, weight 54.1 kg, non-drinker, taking norfloxacin during the eletriptan + verapamil period) also

had the highest AUC, 7017 ng.l/ml, on the combination, compared to 1516 ng.h/mL. on
monotherapy (4.6-fold increase).

Cimax (ng/ml}
EEEEER:

B

[=)

Betriptan

5345888868

Bctritn

FIGURE 2.2. Individual eletriptan C,,,, (left panel) and AUC after an 80 mg single dose on Day 6,

after co-administration of verapamil (240 mg b.i.d.) or placcbo healthy adult male (n=9; filled
circles, solid lines) and ferfale (n=8; unfilled circles, dashed lines) subjects.

Liver blood-flow

The pharmacokinetics of [C-green to determine effects on liver blood-flow {(QH) was determined

on the moming of Day 5 of verapamil or placebo dose-intake, the day prior to eletriptan dose
intake. The results are shown in Table 2.2.

TABLE 2.2 The pharmacokinetics of IC-green on Day 5 after repeated doses of 240 mg verapamil
b.i.d. (480 mg/day Days 3-7; 240 mg/day Days 1-2) or placebo

IC-green: Source: Tables 5.3.2, 5.3.6, 5.3.8 and 5.4; "adjusted geometric mean, "unadjusted geomelric mean

“adjusted arithmetic mean, “unadjusted arithmetic mean, "unadjusted harmonic mean, n/a= not analysed.

Parameler Verapamil Placebo+ Mean rati/ditierence 90% CI
IC-groen 1C-groen .

AUC (pg.min/mi) 41.6 445" ratio 0.94 0.818, 1.069

AUC, (pg-min/ml) 39.3" 42.4" na wa

C_. (1g/mh a4 6.8 ratio 1.233 0.990, 1.535

T__ {min) 184 224 difference -0.397 -1.081, 0.287

Kk, (Amin) 0.2534" 0.2384° difference 0.0150 -0.0150, 0.045%

1., (min} 279 289 na na

CL (mi/min) 874* 806° difference 58.2 -41.0, 177

Hepatic biood flow {(mimin) 1427 1360 va na

A marginal increase in QH of approximately 5% was observed. QH was calculated from CLjcg
(8%) but the confidence intervals were wide, as shown for CL¢ green (Table 2.2).
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Pharmacodynamics

Verapamil alone produced a statistically significant decrease on the mean SBP, mean DBP and

pulse rate. The effects on SBP, DBP and pulse rate over 24 h after the eletriptan dose intake, are
shown in Figure 2.3.
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FIGURE 2.3 Mean blood pressure and pulse (difference from baseline) vs. time after a single dose
of eletriptan + placebo (upper curve in each panel) or eletriptan + verapamil (lower curve in each
panel). Upper panel: SBP vs. time; Middle panel: DBP vs. time; Lower panel: Pulse rate vs. time

The maximum increases in SBP and DBP and the AUEC’s for these effect parameters are shown
in Table 2.3.
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TABLE 2.3 The maximum increases and area under the effect — time curves during 12 h
(AUECs.12) and 95% confidence intervals for SBP and DBP after a single dose of eletriptan (80

mg single dose, Day 6) during concomitant dosing of verapamil (240 mg) or placebo b.id. for 7
days (n=17),

Parameler ‘ Eletriptan + Eletriptan + Mean 95% ClI p value
verapamil (N=17) | placebo (N=17)" | difierence

Max. increase in ~-1.54 7.68 -942 -13.22, -5.61 0 0001

SBP {mmHg)

Max. increase in 2.27 8.01 -5.74 -8.12,-3.37 0.0001

DBP {mmHg)

SBP AUEC,,, -115.2 -18,12 972.11 -137.68, -56 55 | 0.0002

(mmHg.h)

DBP AUEC, , -46.22 2.3 -48 54 -67.92, -29.15 <0 0601

(mmHg.h)

Putse rale -25.99 -16.95 -9.04 -41.72, 23.64 0.5623

AUEC,,, (bpm.h)

Source: Table 5.10; "adjusted arithmetic mean changes,

The effect analysis showed that the mean increase in AUEC for DBP after eletriptan + placebo
was statistically significantly lower than after eletriptan + verapamil. The mean change from Day
1 baseline SBP to Day 6 for eletriptan + verapamil did not increase above the mean change from
Day 1 baseline SBP to Day 6 for eletriptan -+ placebo up to 24 hours afier the eletriptan dose. This
may indicate that the vasodilator effects of verapamil are greater than the vasoconstrictor effect
caused by the eletriptan dose.

There was no direct relationships between the effect parameters (SBP, DBP, pulse rate) and
eletriptan plasma concentrations, at C,, or over the entire 24-h plasma sampling period.

Adverse events
The incidence and percentage of subjects that experienced at least one adverse event that was

judged as treatment related are shown in Table 2.4,

TABLE 2.4 Adverse events during the respective periods of verapamil (120 mg b.i.d. Days 1-2;
240 mg b.i.d. Days 3-7), placebo (b.i.d., Days 1-7) and concomitant dose intake of a single dose
of eletriptan (80 mg, Day 6)

No of subjects evaluable Verapamil Eletriptan + Placebo Eletriptan +
[subject days of drug exposure] verapamil placebo

N=181{30) | N=18[36"] N=17 [85] N=17 [34°]
Subjects with 21 adverse event 10 (56%) 17 {94%) 1 (6%) 15 (88%)
Asthenia -« 3{(17%) 10 (56%) 0 {0%) 5 (29%)
Headache 5 {28%) 9 (50%) 1 {6%) 5 (29%)
Bysphagia 0 (0%) 4 (22%) 0 (0%) 4 (24%)
Hypertonia 0 (0%) 1 {6%) 0 {0%) 2 (12%)
Paraesthasia Q (0%) 2 (11%) 0 (Q%) 2 {12%)
Hiccough 0 {0%) 2 (11%) 0 (0%) 0 {0%)
Source: Tables 6.2.1 and 6.2.3; *Advarse events starting on Day 7 were assighed to the interaction
groups.

The number of severe adverse events was similar across the treatments. One subject (female, age
38) experienced moderate chest pain after eletriptan + placebo dose intake. The event took place
in the moming, with a duration of 45 min (no information of time of dose intake available; C,
133 mg/mL, to 3 hy, AUC 1236 ng.h/mL).
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Comments:

There was a large interaction after co-administration of eletriptan and the intermediate CYP3A4
inhibitor, verapamil. The in vivo results are not in accordance with the findings in the in vitro
study, where verapamil showed no interaction potential (ICso >300 uM). The point estimate of the
AUC increase was 2.8-fold (arithmetic mean), however, the largest individual increase was 4.6-
fold (subject 15, female). The point estimate of the C,,., increase was 2.3-fold (anthmetic mean),
and the corresponding largest individual increase in C,,, was 3 8-fold (subject 15, female).

Subject 15, who had the largest increases of AUC and C,,.,, during eletriptan + verapamil dosing,
was also taking norfloxacin (protocol violation}, which has been shown to inhibit CYP3A4 and
CYP 1A2 in vitro. Norfloxacin has also been shown to increase cyclosporin A concentrations (a
CYP 3A4 substrate) in vivo. However, another female subject (Subject 14, Caucasian, age 19,
weight 79.7 kg, height 181 cm), also took norfloxacin, but during the period of eletriptan -+
placebo dosing. This subject also took oral contraceptives throughout the study. Her AUC and
Coax were 1721 ng WmE and 181 ng/mL, respectively. The C., of Subject 14 was comparable to
the mean for all subjects (190 ng/mL), and the AUC was approximately 20% higher than the
mean for all subjects (1394 ng.h/mL) in the study. However, it is possible that, at least in part,
some of the effect seen in Subject 15, who had the largest increases in eletriptan Cpy and AUC,
could be a combination of the effect on CYP3A4 by the concomitant intake of verapamil and
norfloxacin. Nevertheless, if the data should be reanalyzed without Subject 15, the impact would
not be great. The difference in AUC would change from a 2.8-fold increase to 2.7-fold increase

(arithmetic mean), and Cp,, would change from 2 3-fold increase to 2.2-fold increase (arithmetic
mean).

The sponsor was concerned that verapamil would increase liver blood flow, which could increase
the bioavatlability of eletriptan (F=50%), and therefore invalidate the usc of verapamil as a
‘clean’ model drug for intermediate CYP 3A4 inhibition. However, verapamil only marginally
increased hepatic blood flow (QH) with about 5%. There was a net increase in indocyanine green
(1CG) clearance of 8% (90% confidence intervals of ICG CL: -41 to 177 mL/min). This finding
concurs with values reported in the literature, where single doses of verapamul has an acute,
augmenting effect on QH. This increase in QH has been reported to diminish during repeated
administration of verapamil. Therefore, it is likely that the small alterations observed in QH do
not make a major contribution to the observed interaction between the two drugs.

The half-life of eletriptan was only marginally increased, indicating that this is a interaction that
occurs during the initial first pass. Verapamil has been reported to inhibit P-glycoprotein (PGP).
Using the indication of PGP inhibition by inspecting 1, there was a slight decrease after co-
administration of the drugs (tm.x monotherapy: 2.6 h, t,., combination: 2.2 h). However, tn.. was
only reduced in nine subjects. A PGP inhibition of drug efflux across the intestinal lumen by
verapamil, may be part of the observed interaction.

The sponsor also submitted a recent publication (Bennett MA et al, Drug Metabol Disp, 2000,
28:125-130) with the study report. In this publication, it is shown that verapamil, among other
calcium channel blockers, may act in part as a quasi-irreversible CYP3A4 inhibitor, depending on
the experimental conditions (NADPH used in pre-incubations). Since this finding shows that the
experimental conditions for the in vitro methods are crucial for any extrapolations to the in vivo
situation, it further limits the use of an in vitro-in vivo correlation to predict the pharmacokinetic
interactions when eletriptan is co-administered with CYP3 A4 inhibitors.

In conclusion, co-administration of verapamil and eletriptan increases Cp., 2-fold and AUC 3-
fold. It is recommended that the co-administration of eletriptan and verapamil be contraindicated
in the label, since verapamil is used (off-label) for migraine prevention and the combination is
likely to occur in a portion of the patient population.
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Study #3. Abbreviated Report: An open randomized, placebo controlled, two-period
crossover study to investigate the effects of fluconazole on the pharmacokinetics, safety and
toleration of a single dose of eletriptan (80 mg) [Protocol A160-1059]

{Submission 0/13/00)
Objective

The aim of the study was to investigate the effects of fluconazole on the pharmacokinctics of a
single dose of eletriptan.

Study Design and Demographics

This was an open, randomized, placebo controlled, 2-period, crossover study in 18 healthy, adult
volunteers (9M/9F, actual age range 19-35 years). The subjects received a loading dose of 200
mg (2x100 mg) fluconazole or unmatched placebo on Day 1, followed by once daily doses of 100

mg (2x50 mg) of fluconazole or placebo on Days 2-7. On the morning of the 6" day, 80 mg (2x40
mg) eletriptan was co-administered.

Blood samples for plasma analysis of eletriptan were collected post-dose on Day 6, at 0, 0.5, 1,
1.5,2,3,4,6,8,10, 12, 18, 24, 36 and 438 h, of each study period. Supine systolic (SBP) and
diastolic (DBP) blood pressure and pulse rate was taken in duplicate pre-dose, 1, 1.5,2,3,4,6, 8,
10, 12 and 24 h post dose on Day 6, the day of eletriptan dose intake. A semi-automated
sphygmomanometer was used. Safety assessments (ECG, physical examination, laboratory safety
monitoring) were performed at screening and follow-up visits. Adverse events and laboratory
tests (Day 6) were monitored during the investigational periods.

Bioanalytical Methods

Plasma concentrations of eletriptan were determined by the use of a validated —— procedure
with UV detection. The method was validated over the concentration ranges of ——_ {(LOO)
— No study specific bioanalytical report has been submitted yet.

Pharmacokinetic and Pharmacodynamic Analysis

Pharmacokinetic parameters {C, .., tmax, AUCo AUC, ., and t%4) for eletriptan were estimated by
non-compartmental methods. The area under the effect — time curves during 12 h post eletriptan
dose (AUEC,. ) for SBP and DBP were calculated by non-compartmental methods. The
maximum change from base line was also determined.

Results
Pharmacokinetics

The mean plasma concentration-time curves of eletriptan during co-administration of placebo or
fluconazole are shown in Figure 3.1.

APPEARS THIS WAY
ONM ORIGINAL
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FIGURE 3.1. Mean plasma concentration-time curves of eletriptan (80 mg) Day 6, after co-

administration of fluconazole (100 mg QD; upper curve) or placebo (lower curve) in healthy adult
subjects (n=18).

The phanmacokinetic parameters after a single 80 mg dose of eletriptan on Day 6 co-administered

with fluconazole (200 mg Day 1, 100 mg QD, Days 2-7 days) or placebo (QD, 7 days) are shown
in Table 3.1.

TABLE 3.1 Pharmacokinetics of eletriptan (80 mg single dose, Day 6) during concomitant dosing
of fluconazole (100 mg) or'placebo QD for 7 days (n=18). Upper panel: Geometric means and
90% confidence intervals Lower panel: Arithmetic means (SD) and coefficients of variation.

Adjusted mean pharmacokinetlic parameters

Parameter Study A160-1059 (adusted means)

Placebo | Fluconazole Ratio’ (90% CI's}

C._. {ng/mh | 180.3 244.8 136 (117-158)
AUC 12258 24823 203 (187-220)
{ng.h/m1)

T th 1.9 2.8 0.92 {0.20-1.63)
K, (/M) 0.1481 | 0.1075 0.0406

(-0.0470 to -0.0342)
tr, () 4.7 6.4 n/d

Mean C___ and AUC ara geometric. a = arithmatic mean, b = harmonic mean, 1= dilference
between the adjusted means (fluconazole - placebo) and conasponding 90% ClI's for T,

andk,
Parameter Eletriptan + Fluconazole | Eletriptan + Placebo
mean SD CY% mean 5D | CV%
AUC (nghvmL} 2692 1114 41 1380 736 53
AUC, (ng.h/mL) 2666 1091 41 1371 412 53
C sy (ng/mL) 261 93 36 199 91 46

As shown in Table 3.1, eletriptan AUC increased 2-fold and C,,,,, increased 1.4-fold, during
concomitant administration of fluconazole. The increases in AUC and Ci,x were similar between
males and females, as shown in Figure 3.2.
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FIGURE 3.2. Individual eletriptan C,, (left panel) and AUC after an 80 mg single dose on Day 6,
after co-administration of fluconazole (100 mg) or placebo in healthy adult male (n=9; filled
circles, solid lines) and female (n=9; unfilled circles; dashed lines) subjects.

An increase in C,,,, was not observed in all subjects when fluconazole and eletriptan was co-
administered, and the largest individual increase in Cp,,, was 2.1-fold (Subject 12, male). The
increase in AUC was unidirectional, and the largest individual increase in AUC was 2.6-fold
(Subjects 9 and 18, a male and female subject, respectively).

Pharmacodynamics

There were no statistically significant increases in the mean SBP and mean DBP and AUECs. as
shown in Table 3.3.

TABLE 3.3 The maximum increases and area under the effect — time curves during 12 h (AUEC,.
1oh) and 95% confidence intervals for SBP and DBP after a single dose of eletriptan (80 mg single

dose. Day 3) during concomitant dosing of fluconazole (100 mg) or placebo QD for 7 days
(n=18).

Parameter Adjusted means Mean 95% Ct p-value
ddt

Placebo+ | Fluconazolss

elelriptan eletriptan
DBP Max {1-12) {mmHg) 11.6 17 a1 -25-27 0.9343
DBP AUEC{0-12} 40.6 582 176 -3.6-238.0 0.1008
(mmHg.h)
SBP Max {1-12) {(mmHg) 21 9.4 0.3 -5.7-63 09181
SBP AUEC{D-12} 140 233 9.3 -365-55.0 0.6715
(mmHg.h)
PR AVEC(0-12) (b/minh) -38.0 -48.1 -11.0 -41.2 -19.t 0.4478

Adverse events

According to the provisional report, there were slightly more triptan-like adverse events during

eletriptan + fluconazole dosing (n=11), compared to eletriptan + placebo co-administration (n=8).
No subject reported chest pain.
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Comments:

There was a moderate interaction after co-administration of eletriptan and fluconazole, compared
with the other CYP3A4 inhibitors, that have been investigated. The point estimate of the AUC
increase was 2.1-fold (arithmetic mean), and the increase in Cp,, was 1.4-fold (arithmetic mean).
Fluconazole has not been reported to inhibit P-glycoprotein (PGP), and there was no trend
observed in ty,, after co-administration of fluconazole + eletriptan, which would have been an
indication of PGP inhibition (1., monotherapy: 1.9 h, t,,,, combination: 2.8 h). There was a

moderate increase in half-life of eletriptan (t¥2 monotherapy: 4.7 h, t¥2 combination: 6.4 h) which
is an indication of a CYP3 A4 inhibition,

3 }‘;{;S _‘ .
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<
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Study #4. DM32: Eletriptan in vifro interaction studies with CYP3A4 inhibitors and
substrates

(Submission 6/1/00)

The potential effect of ketoconazole, itraconazole, metronidazole, sertraline, verapamil and

cimetidine (CYP3A4 inhibitors and substrates) on eletriptan metabolism were investigated irn
vitro.

Methods:

Hepatic microsomes were prepared from a combination of eight human livers by means of
differential centrifugation.

For each of the assays the final incubation volume was made up of 50 mM phosphate buffer (pH
7.4y and 5 mM MgCl,. Reducing equivalents required for P450 metabolism were provided by
NADPH, which was generated in situ (an isocitric acid/isocitric acid dehydrogenase system in
conjunction with 5 mM NADP). The incubation mixture was pre-incubated at 37°C in the
presence of substrate (at a concentration close to its Km) and inhibitor prior to addition of NADP.

Eletriptan (150 pM=57 ng/mL) was ncubated with increasing concentrations of CYP3A4
inlubitor/substrate (ranging from 0.001 to 1000 pM), for 30 min at 1 mg/m! microsomal protein.
All compounds (with the exception of itraconazole) were dissolved in methanol with a final

concentration in the incubation not exceeding 1% methanol, Ttraconazole was dissolved in
methanol/0.1M HCI (8/1).

At the end of the incubation, the reaction was tenminated by adding dichloromethane. Internal
standard was added, and the samples were prepared (mix, centrifugation, evaporation and
reconstitution) and analyzed by ——  method with UV detection.

Results:

The effects of the CYP3A4 inhibitors and substrates on the N-demethylation of eletriptan are
shown in Table 4.1.

TABLE 4.1 Summary of in vitro reactions with eletriptan

CYP lnhibitor/Substrate ICsq (M)
Ketoconazole 1.8
ltraconazole 3.6
Melromdazole >300
Sentraline >300
Verapamil >300
Cimetidine >300

Metronidazole, sertraline, verapamil and cimetidine did not significantly inhibit eletriptan
metabolism, as shown by the IC50 >300 uM. Ketoconazole and itraconazole were potent
inhibitors of the N-demethylation of eletriptan, with IC50's of 1.8 and 3.6 uM, respectively.
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Study #5. DM33: Eletriptan in vifro interaction studies with CYP3A4 inhibitors and
substrates

(Submission 6/1/00)

The potential effect of fluconazole, fluoxetine, fluvoxamine, lovastatin, paroxetine and
progesterone (CYP3A4 inhibitors and substrates) on eletriptan metabolism {(N-demethylation)

were nvestigated in vitro. Propranolol, a CYP2D6 substrate, was also investigated. Ketoconazole
served as a positive control for inhibition.

Methods:

Hepatic microsomes were prepared from a combination of eight human livers by means of
differential centrifugation.

For each of the assays the final incubation volume was made up of 50 mM phosphate buffer (pH
7.4) and 5 mM MgCl,. Reducing equivalents required for P450 metabolism were provided by
NADPH, which was generated /» situ {an isocitric acid/tsocitric acid dehydrogenase system in
conjunction with 5 mM NADP). The incubation mixture was pre-incubated at 37°C in the
presence of substrate (at a concentration close to its Km) and inhibitor prior to addition of NADP.

E]etripfan (150 pM =57 ng/mL} was incubated with increasing concentrations of CYP3A4
inhibitor/substrate {ranging from 0.003 to 1000 pM), for 30 min at 1 mg/ml microsomal protein.
All compounds (with the exception of fluconazole) were dissolved in methanol with a final

concentration in the incubation not exceeding 1% methanol. Fluconazole was dissolved in
methanol/0. 1M HCH (8/1).

At the end of the incubation’, the reaction was terminated by adding dichloromethane. Internal
standard was added, and the samples were prepared (mix, centrifugation, evaporation and
reconstitution) and analyzed by : —  method with UV detection.

Results:

The effects of the CYP3 A4 inhibitors and substrates on the N-demethylation of eletriptan are
sltovwn in Table 5.1.

TABLE 5.1 Summary of in vitro reactions with eletriptan

CYP Inhibitor/Substrate ICso (UM)
Fluconazole >300
Fluoxeting »>300
Fluvoxamine >300
Lovastatin >300

| Paroxetine >300
Progesterons ~300
Propranclol >300

Eletriptan metabolism was not significantly inhibited by any of the compounds investigated, all
compounds yielded ICS50 values of 300 pM (progesterone) or greater. The positive control,
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ketoconazole (10 pM and 100 uM), inhibited eletriptan N-demethylation by 54% and 64%,
respectively.

Study #6. Meta analysis of systolic and diastolic blood pressure
(Submission 6/1/00)

In the initial dose escalation studies with eletriptan there were small dose related increases in
blood pressure. The changes in diastolic blood pressure (DBP) were related to ¢letriptan
concentration since maximum concentration (C,,..) and maximum effect (E,.) occurred at about
the same time. The first PK/PD analysis was carried out for study 160-208 and this model was
presented in the original NDA. Subsequently, the sponsor has used additional modeling

approaches to determine the PK/PD relationship between DBP and eletriptan plasma
concentrations.

Two of the modeling approaches were based on Cy, with a third analysis using NONMEM to
assess the overall concentration relationship. The PK/PD models using C,.., resulted in
predictions that were similar to those using NONMEM. Eletriptans PK/PD relationship was

determined by use of data from 12 clinical pharmacology studies {160-001. 202, 208, 701,701a4,
203,204,213, 214, 220, 222 and 226).

Placebo

Five of the 12 studies included in the pooled analysis contained an estimate of the placebo BP
response allowing an assessment of the variability of the placebo response for BP. The mean
maximal increase in DBP across all studies was 6.9 mmHg (11.4% change from baseline). The
standard deviation (SD) for this mean response was 7.5 mmHg (12.8% change from baseline)
indicating a high within subject variability in the placebo response. The placebo response was

also highly variable between studies with the mean maximum percentage increase ranging from
4.7 to 17.6% for DBP.

The mean maximal increase in SBP on placebo across all studies was 11.1 mmHg (9.6% change
from baseline). The SD for this mean response was 8.3 mmHg (7.4% change from baseline)
indicating that there was also high within subject variability in the placebo response. The placebo
response was also highly variable between studies with the mean maximum percentage increase
ranging from 6.2 to 13.9% for systolic BP.

Eletriptan

The time course of the BP change appeared to follow the eletriptan plasma concentration-time
profile and no significant hysteresis was evident, the pharmacodynamic parameters absolute
change and maximum percentage change in blood pressure at t,,,, were selected for comparison to
eletriptan C,.. Scatter plots from the 12 studies of the maximum increases in DBP and SBP
(maximum absolute changes) against C,;,, are shown in Figure 6.1.
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FIGURE 6.1 Maximum absolute change (mmHg) in DBP (upper panel) and SBP (lower panel) vs.
Chax (ng/ml)

Two models (linear and E;,,,) were used in the PK/PD modeling. The models were fitted to the

individual increases occurring at Cma or the full effect (DBP)- eletriptan plasma concentration
profiles 0-12 h after eletriptan dose intake.

The initial linear model developed in the original NDA had a slope of 0.092 (%change per
ng/ml). The slopes of the pooled analysis were 0.028 (%change per ng/ml) and 0.017 (mmHg
change per ng/ml). The slopes of the NONMEM analyses where a linear model was fitted to the
data were 0.0318 and 0.0276 (mmHg change per ng/ml) for the raw and placebo adjusted DBP
data respectively. The models derived from the pooled data predict a smaller effect of eletriptan
on blood pressure than originally predicted. The linear model resulting from the pooled analysis
predicts that for an 80mg dose there would have to be at least a 4.5 fold increase in Cy,, before
the average increase in DBP would reach 15 mmHg. The linear NONMEM model (for the raw
data or placebo corrected data) predicts that concentrations would have to increase by 2.5-fold for
a sirnilar average increase to be observed.
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The E, . model {E = E, o ¥ (1/(1+ECs/C)+E0] from the pooled analysis of DBP vs. E_ ., gave a
maximum effect (E.) on DBP of 12.5 mmHg, with an eletriptan plasma concentration of 130
ng/mL producing 50% of E. (ECs). The base-line effect on DBP (EQ) was determined to
0.0185 mmHg. No information regarding the goodness of fit for the model was submitted. A
NONMEM analysis of the placebo adjusted DBP using the same model gave similar parameter
estimates (placebo adjusted DBP: E;, of 11 mmHg and EC50 of 136 ng/mL; unadjusted DBP:
Epax ©f 19.7 mmHg and EC50 of 391 ng/mL). The DBP - eletriptan plasma concentration profiles
0-12 h after eletriptan dose intake are shown in Figure 6.2,

———

C

e 3

FIGURE 6.2. Actual and predicted BP (Raw: upper panel and placebo subtracted: lower panel) vs.
eletriptan plasma concentrations from the NONMEM analysis.

The data from the drug-drug interaction studies (erythromycin and ketoconazole) were used for
model validation. Eletriptan C,,, increased to 358 ng/ml during combination therapy in the
erythromycin study and to 475.8 ng/mL in the ketoconazole study. The observed and predicted
changes in diastolic BP are presented in Table 6 1.

TABLE 6.1. The observed and predicted changes in DBP based on the pooled analysis using the
linear model and the NONMEM E,,,, model (data not adjusted for placebo effects)

Maximum ghange I dlastoc Maximurn changs in diastohc BP |
BP at Tmax overall
Interaction study Pooled Actual NONMEM Actual cbeerved
analysis Engar observed analysis mean mean maximum
modad mean maximum increase
maxtmum increasa (mmHg) (mmHig) with
preticted based Inhibitor
on Crax {raw
data)
Differencs 3.10 4.00 3.z 590
between
erythromycin and
placebo (226)
Ditference 5.13 3.60 4.64 2.8
oetween
ketoconazoie and
placebo (1045)

Note~ Difference betwaen Inhibitor and placebo determined from mean blood pressure changes
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SYNOPSIS

Introduction:

The mechanism of migraine is thought to be due to the intracranial vasodilation. Eletriptan
(UKA116,044) is a selective agonist for the vascular SHT1B, neuronal SHT1D receptors, as well
as for the 5-HT1F receptor related to the anti-migraine action. In animal models, Eletriptan causes
constriction of intracranial vessels, being more selective for the carotid distribution than for the
coronary arteries. In humans, the sponsor attempts to provide evidence showing that Eletriptan is
an effective, rapid treatment of the pain and associated symptoms of acute migraine headache
with or without aura. The proposed dosage strengths are 20, 40 and 80 mg, given as needed but
with 2 hr separation between the two doses.
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Thirty six (36) phase I and II studies have been conducted in approx. 550 healthy adult
volunteers, 100 adult migraine patients, 24 pediatric migraine patients aged 7 to 16 years old, 16
elderly subjects aged 65 to 93 years old, and subjects with hepatic impairment, renal impairment
or undergoing coronary angiography to evaluate the pharmacokinetic and dynamic characteristics
of the drug. Eight (8) pre-clinical studies have been conducted to examine the plasma binding,
metabolic fate and potential for drug-drug interaction of eletriptan in vitro. In addition, 2 Phase
III studies investigated the population pharmacokinetics of eletriptan in male and female migraine
patients. All the phase I studies were conducted using 80mg dose with the exception of that in
dose finding studies.



Overall pharmacokinetics of eletriptan are summarized as follows:

Issues identified in this submission are:

AUC and Cmax are not dose proportional from 20-80mg.

Fast absorption (80%) with moderate 1*-pass extraction (Tmax ~1-2 hr, F=34% in male and
64% in female).

Metabolized by CYP3A4 to an equi-potent active metabolite, UK-135,800, which appears in
the plasma at an exposure of <20% of the parent drug.

Mostly metabolized with approximately 10% of renal excretion attributed to the parent drug
elimination (CL4,=36 L/hr, Clr=3.9 L/hr, estimated in male).

Moderate protein bound (~85%) for both parent drug and active metabolite with a large
volume of distribution after i.v. (125 L in male, 143 L in female).

Secreted into nursing milk (0.02%).

No effect on eletriptan PK after oral dosing was found for age, gender, menstrual cycle, renal
impairment, and CYP2D6 polymorphic status.

Effects on eletriptan PK after oral dosing were found, however, for race, the onset of the

disease, food intake, hepatic impairment, propranolol coadministration, and erythromycin
coadminjstration.

1.

!\.)

L

The sponsor did not thorough]y search for the metabolic enzymes for eletriptan metabolism.
For example, the only pathways that have been explored are CYPs, while others have not
been investigated. The potential of eletriptan to inhibit metabolic pathways other than CYP
has not been studied.

The plasma level of the metabolite has not been thoroughly examined. The identity of a
metabolite present in the plasma with longer half-life than that of the parent drug has not been
identified. The relative percentage of the total dose being converted to the active metabolite
was not determined in the mass balance study, even though the relative ratio of the active
metabolite vs. parent drug was assessed in a separate study.

The active metabolite level was not measured in any of the studies, except a IR-CR western
study and a Japanese study.

In several studies, though not all, the plasma profiles show double peak with the second peak
occurring 1-2 hr after the first peak. This phenomenon is especially striking in studies with
female subjects (Study #003, 004 and 215) and multiple dosing studies (Study # 205 and
#703). The sponsor did not provide the explanation for the second peak.

The sponsor has not systemically pursued the PK-PD relationships of eletriptan. No
mechanistic approach on modeling was attempted other than plotting the mean value of PD
observation versus the average plasma concentrations of eletriptan.

Population PX study (using NONMEM) examined the effects of covariates on eletriptan
saliva PK. However, the study was not well designed, thus failed to detect several covariates
found in the individual studies. In addition, the model explored by the sponsor (2-
compartmental model) did not link plasma with saliva concentrations. Thus, the value of this
population study was not clear.

Gender effect was inconsistent throughout the studies.

In some subjects, menstrual cycle showed decreasing effect on eletriptan exposure, but not in
all subjects.

The role of Oral Contraceptive on eletriptan was not explored.

. Eletriptan could be excreted in breast milk with the potential to stay much longer in nursing

babies than adults.



11. Hepatic impairment patients (mild and moderate) showed only 30% decrease in clearance.
Eletriptan in severely liver impaired patients have not be evaluated.

The above issues have been communicated to the sponsor in a telecon on 7/21/1999.

Detailed Information:

1. Preclinical-

Physical Chemical Property: Eletriptan has a molecular weight of 463.4 g/fmol. It is readily
soluble in water. It dissolves quickly and completely in all the tested media including that of
0.01M HCL to SIN (Q equals ~= at 15 min). Pka of the drug is 9.2

Binding Property: In rats using radiolabeled drug given iv, it was detected that eletriptan is
distributed quickly to various tissues especially in kidney, small intestine, bile and retina. The
concentrations in rats’ brain are 25% of the blood concentrations at 0.1 hr, the time when the drug
distribution in other tissues exceeds that in blood. By 1 hr, concentrations generally diminished
except that in bile and retina. The binding property in human is not known, except that in the
blood. The study conducted in only one subject’s blood demonstrated that the distribution of the
drug from blood to plasma is close to 1 over a concentration range of —— ', and plasma
binding of the drug is constant over the range {The therapeutic concentration after
80mg dose 1s 200-300 ng/ml). The plasma binding of active metabolite over the concentration
range of { - remains below 84%. These data suggest that eletriptan is not likely to
interfere with protein binding of other highly plasma protein bound drugs, and eletriptan may be
eliminated by biliary excretion.

In Vitro Metabolism of Eletriptan:  Three pre-clinical studies investigated the metabolic
pathways of eletriptan by CYP superfamily. It was demonstrated that CYP1Al, 2D6 and 3A4
could metabolize eletriptan with the order of activity as 1A1>2D6>3A4. However, considering
the actual amount of protein of these enzymes, it was concluded that CYP3A4 is the major
metabolic enzyme for eletriptan. It was also shown that CYP3A4 is responsible for the formation
of the active metabolite with Km of 144 uM and Vmax of 156 pmol/mg/min, but the sequential
metabolism of this active metabolite was not investigated. In vitro, ketoconazole at 0.1 uM
inhibits ~70% of eletriptan metabolism. Constdering the pharmacokinetic feature of eletriptan
(discussed later), these evidence indicated that strong drug-drug interactions between eletriptan
and CYP3A4 modulators should be expected. '

The Inhibitory Potential of Eletriptan on CYP enzymes: Eletriptan did not
inhibit CYP1A2, CYP2C9, CYP2E1 or CYP3A4 activity at the concentrations of 0.01-100pM,
but did exhibit an inhibitory effect on CYP2D6 activity with a approximate 1C50 of 41uM.
Considering the therapeutic concentration of eletriptan being 0.6 uM, the potential of eletriptan to
inhibit CYP2D6 metabolism in vivo is minimum unless the uptake of eletriptan by hepatocyte is

very high. The potential of eletriptan to inhibit other non-CYP metabolic pathways has not been
studied.

The Induction Potential of Eletriptan on CYP enzymes: Eletriptan is able to
induce CYP3A4 protein in four of six tested cultures of human hepatocytes at concentrations
greater than 5pM, with the induction potential of 5 fold in protein, and 0.9 fold in activity. In
comparison, the positive control, rifampicin at an equivalent dose produced greater than 10-fold
induction of CYP3A4 protein and 7-fold induction of CYP3A4 activity. The induction seen for
eletriptan is comparable to that observed with omeprazole. It was also shown that Eletriptan,
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rifampicin and omeprazole were capable of inducing CYP2A®6, however this isoform metabolizes
very few clinically relevant compounds. Eletriptan did not affect protein levels of CYPIAZ,
CYP2C9, CYP2C19, CYP2D6 and CYP2E!. Considering the following reasons (1) the
therapeutic concentration of eletriptan is 0.6 uM; (2) induction occurs usually after multiple
dosing of an inducer, rather thar multiple single dosing of an inducer such as the case with
¢letriptan; (3) unless the intra-cellular concentration of eletriptan can be accumulated to a great
extent, the induction potential of eletriptan is mild to moderate, the induction potential of
eletriptan on CYB3A4 is unlikely. However, the induction potential of CYP on other non-CYP
metabolic enzyme systems has not been studied.

II. Phase I Clinical Pharmacology---

1. Basic ADME:

Single Dose Escalation/Proportionality: Six single dose escalation studies in North
America/European population covering doses of 10-120 mg were conducted to look for the safe
and efficacious dose in human. Due to the different formulations tested, route of administration
and the subjects studied, two relevant studies were reviewed. It was shown that eletriptan was
rapidly absorbed. Higher than expected Cmax and AUC were observed. However, in the study
examining 20, 40 and 80mg dose proportionality, it was shown that an apparent dose -+
proportionality between 40 and 80 mg was achieved, but not between 20 and the higher doses. A
higher Kel at lower doses was observed, suggesting that a saturable high affinity/low capacity
elimination pathway. The reviewer stratified the data by gender and showed that the nonlinearity
was more pronounced in femnale than in male. A gender difference in Cmax and AUC existed at
cach dose level.

Multiple Dose: One pivotal multiple dose study in Caucasian males was conducted to examine
the PK of eletriptan using a non-To-Be-Marketed 10 mg formulation in the following 3 cohorts:
Cohort I-Multiple doses of 20mg or placebo over 5 days. Two doses on Days 1 and 2 separated
by two hours, two doses on Days 3 and 4 separated by one hour and three doses on Day 5 each
separated by four hours. Cohort [I- Multiple doses of 30mg or placebo over five days, with the
same regimen as for 20 mg. Cohort [1I: 20mg tid or placebo over seven days with a single dose
on Day 7. The data in cohort I and II showed that Cmax doubles after the second dose given 2
hrs after the first one.

Absorption:  Absolute bicavailability (F) of the drug was examined in a study with 6 mg iv
and 80 mg oral administrations (n=6 male & 6 females), and showed that F was 35% in males and
65% in females. The reviewer re-analyzed the data and showed that the oral clearance of
eletriptan in males is 1.7 times of the value in females. After oral administration, in male, 32% of
the drug was extracted by liver and 34% by GI; whereas in female, 34% by liver and 2% by GI.
After iv administration, however, systemic clearance in female is 14% higher than in male. Food,
which was not the FDA-required high fat/high calorie food, was shown by the sponsor to increase
AUC and Cmax by 17% and 12%, respectively. The reviewer found that there was one individual
with exceedingly high AUC in both fed and fasted Fa‘r‘rns Excluding this subject in both arms
results in a 30% greater AUC in fed than in the fas’armed, and this percentage was later
confirmed by another food study in Japanese population. This indicates the eletriptan PK is
sensitive to changes in pH, motility, blood flow, lipopholicity environment or any other factors in
Gl system. In addition, the moderate extraction ratio of eletriptan makes it susceptible for drug-
drug interactions with CYP3A4 modulators (via first-pass effect).



Distribution and Metabolism: A mass balance study in 3 males using both iv and oral
administration (parallel design) was conducted to show that the absolute volume distribution of
eletriptan is 1.77 L/hr, exceeding the body water volume, and the metabolic fate of the parent
drug as on the following page. In plasma, parent drug accounts for 20% of the total dose, but
AUC and half-life for the total radioactivity after t.v and p.o. were respectively much higher and
longer than those for the parent drug. This suggests the existence of circulating metabolites with
half-life longer than the parent drug. In the plasma samples collected 1 hr post-oral-dosing
(Tmax=1 hr), 4 components were found to be eletriptan, pyrrolidine N-oxidated and N-
demethylated metabolites of eletriptan and an unidentified fourth component, accounting for 30,
23,7, and 35% of the total radioactivity, respectively. However, the total exposure to these
metabolites, especially that of the active N-demethylated metabolite UK-135,800, was not
assessed in this study. The sponsor estimated the absolute bioavailability to be 60% in this study
and the systemic oral absorption ratio (calculated from radioactivity in urine after p.o. dosing over
that after iv dosing) to be 0.81. But it should be noted that the study was a parallel design study
with only 3 male subjects who are or close to be the elderly in each group, and the oral
formulation is solution, and not to-be-marketed tablet. In urine, most of the radioactivity (55% +
5% aiter i.v. and 45% + 1.4% after p.o. administration) was recovered up to 24 hours post-dose.
In feces, most of the radicactivity (30 4 1.0% after i.v. and 45% + 3.3.% after p.o.
administration) was recovered 24 to 48 hours post-dose. Approximately 10% and 20% of the
dose was excreted as unchanged drug after p.o. and i.v. dosing, respectively. The profile of
metabolites in excreta was similar to that in plasma,

Active Metabolite: In a study originally designed to determine the bioavailability of medium
and extended controlled release formulations of eletriptan relative to that of immediate release
tablets, the sponsor investigated the relative plasma concentrations of eletriptan and the active
metabolite UK-135,800 following the IR (2(img x4} formulation arm. The active metabolite with
half-life of 12.6 hr exhibited 17% and 11% of the AUC and Cmax, respectively, of those for the
parert drug. In the Japanese single dose study, the active metabolite measured after 120-mg dose
of eletriptan was found to be 10% of the parent drug’s AUC. The CYP2D6 genotype does not
contribute much to the variation of kinetics of cletriptan.
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SUMMARY OF THE PROPOSED METABOLIC PATHWAYS OF ['*C]UK-116,044 IN
MAN FOLLOWING AN ORAL DOSE (30MG)
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2. PK-PD relationship and Population PK-

(1). Efficacy vs. PK:  The sponsor performed the dose-response information based on the data
obtained from 7 pivotal clinical phase III studies, but did not perform a plasma concentration vs.

response analysis for eletriptan. The dose-response relationship data, provided by Dr. Armondo
Olivia, the medical reviewer, is as follows:

Dose-Response in Phase Il Trials

70
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% Patients Responded at 2 hr

PBO ’ 20mg 40mg 80mg
Doses of Eletriptan

The facts that all the pivotal clinical trials were conducted in out-patient population and the
disease onset interfere with the pharmacokinetics of the drug introduce the difficulty in carrying
out a post-hoc PK-PD analysis based on healthy volunteers studies in Phase T and 11

(2). Safety vs. PK: the sponsor conducted No in-depth analysis on safety vs. concentrations
of eletriptan. In one cross-over study (Study#208), the sponsor studied the systolic and diastolic
blood pressure and mean pulse rate after 30, 60, 90 and 120mg doses in 12 healthy subjects.
‘When the mean concentrations of eletriptan were plotted against the mean change of diastolic
blood pressure from the baseline, a linear relationship was observed. No modeling was
performed by the sponsor, but is being explored by the reviewers. However, it was clear that all

three-safety parameters (systolic blood pressure, diastolic blood pressure and pulse rate) increases
with increased eletriptan concentrations.

(3) Population PK:  The sponsor provided a population PK analysis based on two phase III
clinical trials. The PK analysis was conducted on drug concentrations in saliva, which was
shown to be consistently 20-25% of the plasma concentrations. A total of 779 patients and 2,048
saliva samples were available in the study. The patients were instructed to take placebo, 40 or 80

.mg eletriptan at onset of migraine attack, with the option of taking a 2™ dose to treat non-

response or recurrence 2 hrs later. Saliva was collected at 2 hr after each dose during migraine
attack. During the first post attack visit, 20-mg eletriptan was given to the patients and another
saliva (off-peak) and plasma sample were collected. A mixed effect modeling was performed for
population analysis. The analysis showed that saliva PK follows a 2-compartment model with 1*
order input for eletriptan. Only migraine attack reduced the bioavailability by 34%, other



covariates, including age, gender, race, menstruation status, renal function, coadminstration of
beta-blockers, tricyclic anti-depressants, estrogen therapy, oral contraceptives, SSRIs, inhibitors
for CYP2D6 and inhibitors for CYP3A4, had no effect on eletriptan PK. The failure to detect
some of the covariates, such as CYP3A4 inhibitors, could be due to lack of statistic power (small
number of subjects under a specific category), insensitive changes in saliva concentration with
respect to changes in plasma concentrations or the confounding factors of drug/disease interaction
with saliva secretion. No attempt to analyze plasma data using population approach was made.

3. Intrinsic Factors Affecting Eletriptan PK-

(1). Gender: A study on 16 males (8 young and 8 elderly) and 16 females (8 young and 8
elderly) did not detect gender difference in eletriptan pharmacokinetics, but a difference in Ke
between the young and the elderly was found. The overall mean value of AUC in female was
only 10% higher than that in male. However, the sponsor acknowledges that “While there was
only one statistically significant difference between the young and elderly subjects and none
between the male and female subjects, it is not possible to rule out differences in the
pharmacokinetics between these groups of subjects. This difficulty in interpreting results from the
fact that the study, while powered to test for differences between genders and age groups, is
insufficiently powered to deal with the interactions between these variables.” A separate analysis
conducted by this reviewer also failed to detect any gender difference in Ke with the matching
age group, but a lower Ke in the elderly subjects was detected.

(2). Age: In a singledose study with 24 pediatric subjects (12 aged 6-12, and 12 aged 12-
16) administered with 20-80 mg eletriptan, a trend of nonlinearity of dose vs. AUC or Cmax was
observed. Unfortunately, children at different age groups were administered with different dose.
Thus, the age effect on eletriptan PK was confounded with the nonlinearity observed in adults.
When normalized by body weight, clearance appears to be slightly higher in the children (1.46
L/hr/kg for 6-12 yr.-old, 1.16 L/hr/kg for 12-16 yr-old) than in adults (0.94 L/hr/kg). Un-
normalized (by body weight) volume of distribution increased with age by 50%, but not with
body weight. Volume of distribution normalized body weight was only slightly larger in the
older children (6.5 L/kg) than the younger ones (5.4 L/kg). A slightly higher exposure (10%) was
also seen in elderly adults compared to young adults in another study (mixed with gender effect).

Thus, a restriction on using dose 40 in the younger children and elderly adults should be
considered.

(3). Menstrual Cycle: A single dose study on 13 female subjects was conducted following 4
treatment periods that was based on 28-day menstrual cycle. Although the mean exposure to
eletriptan throughout the 4 cycles were not statistically different, half of the individuals showed
decreased AUC in phase 4 as compared to that in phase 1. The arithmetic mean value of AUC in
phase 4 is 87% of that in phase 1, while geometric means is 78%. Thus, menstrual cycle could
affect the absorption or elimination of eletriptan, however, a large inter-individual variability
should be expected.

(4). Nursing: A single dose study to determine the excretion of eletriptan in breast milk and the
pharmacokinetics of eletriptan in plasma and breast milk was conducted in 8 women who were at
least one month postpartum and able to produce a minimum of 300ml of breast milk over 24
hours. Breast milk eletriptan concentrations varied greatly, but the mean concentrations were
around one-fourth of plasma eletriptan concentrations. The elimination half-life of eletriptan in
breast milk (3.6 hr) was slightly shorter than in plasma (4.7 hr). The mean total amount of
eletriptan excreted into breast milk over 24 hours was 12.9ug or 0.02% of the 80mg dose given.
A total of seven adverse events were considered to be both treatment emergent and treatment



related were recorded for four subjects during treatment with eletriptan, incloding mild nausea,
dizziness, mild rhinitis and chest pain within 1 hr after dosing. Even though the total amount of
cletriptan excreted in milk is small, however, considering the small body weight (thus volume of
distribution) of a nursing baby, the concentration of eletriptan in a nursing baby could be
substantial. Secondly, the major metabolizing enzyme for eletriptan, CYP3A4, in the newborn is
extremely low and its level usually rises to about 30% of the adult at 1 month of age. Lastly, the
active metabolite with longer half-life than the parent drug was not monitored in this study but
could be excreted in the breast milk as well. Thus, eletriptan could stay in the circulation of a
nursing baby for a much longer time than in adult. Without knowing the effect of eletriptan on a

nursing baby’s physiological and developmental process, its use in nursing women should not be
advised.

(3). Race: PK of Eletriptan was examined in 3 studies in Japan to describe dose linearity,
multiple dose kinetics and food effect on eletriptan. In a single dose escalation study from 20 to
160 mg, the sponsor reported a lack of dose-proportionality of the geometric means over the dose
range, with a doubling of dose producing an estimated 2.4 fold increase in AUC. The nonlinearity
of eletriptan kinetics in Japanese population might arise from non-constant elimination rate. A
cross study comparison with the Western males (study #215) indicated that the Japanese
population had a reduced AUC by 33 % at 80-mg dose. Food study confirmed the analysis made
by the reviewer in the western study, showing 30% increase in Cmax and AUC associated with
food intake (common Japanese breakfast). The multiple dose study showed that AUC on Day 7
was 40% greater than that on Day 1, following either 40 mg tid or 80 mg bid administration,
indicating a time-dependent saturable kinetics. Dose normalized AUC24 on Day 1 or 7 {data not
shown) following 80 mg dose was ~50% higher than that following 40 mg dose.
Correspondingly, Ke on Day 7 was lower than on Day 1. Renal clearance was lower by 20-30%
on Day 7 compared to Day 1 for both 40 and 80 mg dose. Since the renal clearance is lower than
the normal creatinine clearance, the lowered value could be due to the reduced extent of
absorption. Since no multiple dose study of 40 and 80 mg has been conducted in the Western
population, a direct cross-study comparison was not possible.

4. Disease Affecting Eletriptan PK-

{1). Migraine Attack: One study in 36 migraine patients was conducted with one dose being
administered on a planned migraine-free phase, and another dose within 6 hours of onset of a
migraine attack. Plasma samples were collected during each of the two study periods at baseline
(immediately prior to dosing) and at specified times up to 8 hours post-dose. Compared to the
migraine absent phase of the study, the AUCt and Cmax of eletriptan were significantly reduced
by approximately 20-30% and the Tmax was significantly increased from 1.5 to 2.8 hours during
the migraine present study period. Twenty five percent of subjects have their Cmax reduced by
more than 50% with the occurrence of migraine. Two subjects have Cmax equal to 2 and 4 ng/ml
in the presence of migraine when the corresponding value was 45 and 95 ng/ml, respectively, in
the absence of migraine. In the study, the plasma sample was collected up to 8 hours, while the
¢limination haif-life is 4-5 hr. Therefore, the estimated AUCt was partial AUC, may or may not
reflect the bicavailability of the drug. These evidence suggested a decreased rate of absorption of
eletriptan during a migraine attack. A further analysis conducted by this reviewer to stratify the
data according to gender indicated that in both absence and presence of migraine attack, a 30%
difference in the Cmax was observed between the two genders.

(2). Renal Impairment: A single dose study in healthy and renally impaired subjects
including mild, moderate and severe degree of impairment was conducted with 80 mg dose. Other
than a statistically significant increase of Tmax in the Severe group (5.6 hr vs. 2.6 hr}, the sponsor



reported no significant change in all other pharmacokinetic parameters in renal patients. The
statistically significant delay on Tmax observed in the severe group may be the result of renal
impairment. Renal impairment is known to be able to affect the rate of absorption and the extent
of absorption. Besides Tmax, the reviewer found a trend of decrease in Cmax with the increasing
creatinine clearance. Renal excretion of the drug was not monitored in this study. Though not
contributing to the assessment on the total plasma clearance change, the estimation of renal
clearance can help us to understand the renal effect on non-renal clearance.

(3). Hepatic Impairment: A single 80mg dose study was conducted in 11 subjects with
biopsy-confirmed hepatic cirrhosis (eight were Child-Pugh class A, 1 scored 5 and the rest 6; four
were Child-Pugh class B, 3 scored 7 and 1 scored 9 ) and 11 subjects with normal hepatic
function (Child-Pugh scores are not determined). Normal subjects were age- and weight-matched
to the hepatically impaired subjects, on entry to the study. A 30% increase in AUCO-inf was
reported by the sponsor in the liver impairment group, compared to the normal subjects. This
increase in AUC was associated with the 25% decrease in CL/F and 15% increase in t1/2 in the
liver patients. Two liver patients have above-average high unbound fraction of eletriptan, but the
mean in this group is not significantly different from the normals. Eletriptan is predominantly
eliminated through metabolism, therefore it was not surprising to see that patients with liver
failure had increased exposure to the drug. The severely hepatically impaired patients have not
been studied, and the aclive metabolite in the impaired patients have not been evaluated. Rose
less than 80 mg in hepatic patients should be recommended, and eletriptan should not be used in
severely liver impaired patients.

5. Drugs Affecting Eletriptan PK-

(1). Propranolol: A placebo controlled two way crossover study with 7 day dosing of 80 mg bid
propranolol and single dose of 80mg eletriptan on day 7 were conducted in 6 males and &
females. Statistically significant differences were observed between the treatment groups for
AUC and kel. The AUC of propranolol treatment group was larger than that of placebo treatment
group by 33%, and Kel was slightly (7%) lower. But Cmax and Tmax of the two groups were the
same. The analysis {assessed by comparing day 7 pre-eletriptan-dosing data to day 1 data)
showed that propranolol statistically significantly reduced DBP and pulse rate (PR) compared
with placebo. The specific effect analysis (comparing pre- and post dosing of eletriptan on day 7
following either propanolol or placebo) showed that eletriptan, in the presence of propranolol,
statistically significantly reduced the maximum increase in DBP compared with placebo. In
addition, all the other pharmacodynamic parameters were reduced in the presence of propranolol,
but not to the level of statistical significance. In contrast, compared to placebo, the overall effect
analysis (assessed by comparing post-eletriptan dosing on day 7 to propanolol/placebo dosing on
day 1) showed that all the pharmacodynamic parameters for eletriptan were statistically
significantly reduced in the presence of propranolol. )

(2). Erythromycin: A placebo controlled, two-way cross over study with 7 day dosing of
erythromycin (500mg, twice daily) and single dose of eletriptan (80mg) on day 7. Eletriptan
AUC increased approximately 4-fold, Cmax increased two-fold, and kel reduced by -0.054/h
following co-administration with erythromycin. The plasma half life of eletriptan was increased
from 4.55h in placebo treatment to 7.05h in erythromycin treatment. There was no evidence of a
treatment related change in Tmax. The treatment difference in AUC means, compared to co-
administration with placebo, held true in each gender. However, the difference was more
pronounced in females than in males. Co-administration of erythromycin produced statistically
significant treatment related increases in both AUEC and maximum increase from pre-eletriptan
baseline for both systolic and diastolic blood pressure. The differences between means for
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maximum increase from baseline were 5.5mmHg (systolic blood pressure) and 5.9mmHg
(diastolic blood pressure), but the interpretation of this observation is limited by the variability
associated with the method of BP measurement. More subjects reported adverse events whilst
receiving eletriptan with erythromycin than other treatment. The highest incidences of treatment
related adverse events were teported for the nervous system, but no subjects reported nervous
system adverse events when receiving erythromycin or placebo alone. Due to the safety concerns

at higher concentration of eletriptan, coadministrating this drug at 80 mg with CYP3A4 inhibitors
should not be recommended.

6. Eletriptan Affecting Other Drugs’ PK-

Other than the in vitro study discussed in the preclinical section, there is no clinical drug
interaction study conducted to demonstrate the modulating potential of eletriptan on the
pharmacokinetics of other drugs. In the Western food effect single dose study (Study #225),
urine samples were collected in the three 24 hour periods, i.e., pre-first dose, post-first dose and
post-second dose. to determine the 6-B-hydroxycortisol/cortisol ratios as a marker for CYP3A4
activity. It was found that the ratio of post-dose was 142.5% of pre-dose values under the fasted
conduction, but similar under the fed condition. Even though the increased ratio under the fasting
condition was observed in 10 out of 18 subjects (Five of these 10 induced subjects had the ratio
increased to >2 fold), the reviewer believes that it may not indicate the induction of CYP3A4.
Because the study was single dose, which is unlikely to induce CYP3A4 and the increased ratio
were not observed under the fed condition. This conclusion was confirmed by the 6-B-
hydroxycortisol/cortisol ratio measurement following a multiple dosing of eletriptan in Japanese
population. After either 40 mg tid or 80mg bid dosing, the post-dose ratio on Day 7 is similar to
the pre-dose ratio on Day 1. Thus, eletriptan does not induce CYP3A4.

111 Biopharmaceutics:
1. Bioequivalence Study:

Because of the dosage change during the phase I and Il drug development process and
manufacture site change after phase I studies, the sponsor conducted two BE studies to link the
important phase I, Il and III formulations, namely 20mg of 10%, 80myg of 20% drug load
products manufactured at Sandwich, UK and 80 mg manufactured at Brooklyn, US. The to-be-

marketed formulations (20, 40 and 80 mg tablets from Brooklyn site) are manufactured from the
same blend.

One study was two way crossover study to compare the relative bioavailability of eletriptan from
tablets with a 20% drug load with that from tablets with a 10% drug load following either
1x80mg (20% drug load), or 4x20mg (10% drug load) tablets in 24 healthy male subjects. Data
indicated that the 10% and 20% drug load formulations were bioequivalent, because 90%
confidence intervals of both AUC (89.7-101.6%) and Cmax (81.3-96.1%) were within the
acceptable range of 80-125%. However, the point estimate comparison between the two products
on Cmax and AUC is 88.4% and 95.5%, indicating a lower rate of absorption from the product
with 20% drug loading. Consistently, the average Tmax of the 20% drug loading product is 0.66

hr more than the 10% product. One subject (#20) had 5.5 hr longer Tmax from the 20% product
than the 10% product.

The other study was to compare the commercial tablet from the “biobatch” manufactured in
Brooklyn (20% of full scale production batch) to that produced in Sandwich (10% and 20% drug
load) used in the previous clinical trials upto the date of this study. The study was conducted
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with the highest dose strength (80mg), to compare 4 x 20mg tablets (10% drug load; Sandwich
manufacture) and 1 x 80mg tablet (20% drug load; Sandwich manufacture) to 1 x 80mg dose
(20% drug load; Brooklyn “‘biobatch™) in 36 subjects as 3-way crossover design. The 90%
confidence intervals for the AUC and Cmax for the 10% vs. Biobatch comparison are 84-97%
and 80-97%, respectively; and for 20% vs. Biobatch comparison are 90-104% and 85-103%
respectively.

2. Dissolution:

The sponsor had conducted a dissolution testing in 0.01M HCL, 0.1M HCL, pH 6.5 buffer and
SIN, and 0.1M HCL was chosen as the most appropriate medium. The sponsor first tested the
USP Apparatus II (paddle) at paddle speeds at 50, 75 and 100 rpm and 100 rpm was chosen for
the robust results. Later, USP Apparatus I (basket) was chosen to replace the paddle for
consistency results obtained with this method from all the formulations tested. Based on the 6
units per dosage strength tested, the final dissolution methods and specifications were proposed:

Apparatus: Basket Apparatus (USP 1) at 100 rpm
Media: 900 mL Aqueous 0.1 M HCL
Specifications: Q== at 15 min.

Recommendation:

/
The general pharmacokinetic characteristics and the biopharmaceutics of eletriptan have
been studied by the sponsor, and are acceptable to OCPB. However, the sponsor has not
well addressed the drug interaction potentials of eletriptan with other drugs that can inhibit
the metabolism of eletriptan, with the exception of the study on eletriptan and erythromycin
cornbination. Metabolism based drug interaction could be an important safety issue, given
the magnitude of interaction seen for erythromycin-eletripian interaction, large number of
commonly prescribed drugs that can inhibit eletriptan metabolism, the therapeutic range of
eletriptan (20-80 mg) and the adverse effect profile of drug. Thus, further investigations on

drug interaction between eletriptan and its metabolism modulators are necessary to ensure
the safe use of the drug.

_— - /
Primary Reviewer: Rae Yuan, Ph.D /. S/ — W 94 qq
Teamleader: Chandra}{ Sahajwalla, Ph.D / S / s/ 5/ ss
Office of Clinical Pharmacology and Biopharmaceutics.

Cc: HFD-120, HFD-860 (Mehta) and CDR (Biopharm review).
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